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To THE 
READER 


AH E famous and ever to be 
\& admired Arr of Navigation, 
fy having been ſo learnedly 
handled and written of, not 
B, only in all other Languages , 
C PLS but allo in our Mother- 
Tongue , by ſo _ learned and able men, 
both of former and of our preſent Age, that 
it may ſeem impoſſible to write any thing more 
thereof that hath not already been done by 
others; yet in my experience which I have ſeen, 
being at. Sea in ſeveral Veſlels, where divers 
young Mariners have been : I have heard this 
general Complaint among them, that though 
che chings that are chieſly uſeful for them in 


their Art may be found in ſeveral Books here 
A and 
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To the Reader. 
and there diſperſed; yet they could wiſh that 
there were ſuch a Book contrived, that might 


be ſoley uſeful for them entire by ir felf, which 


then would be more convenient for them , 


ohr be purchaſed ata more reaſonable 
rate than otherwiſe they could .be, by buying 
ot ſo many ſorts of Books, which they mul 
be conſtrained to do, if ever they intend 
to be able Profictents in that moſt noble 
Profeſſion of Navigation, at which they chiefly 
aimed. | 
This Complaint of theirs, was one chief 
Motive which induced me to colle& and com- 


and nug 


_ pole the ſubſequent Treatiſe, which I have en- 


deavoured to handle in ſuch a methodical man- 
ner, as it ought to be read and praQifed by the 


Young Seaman. For 


Firſt, "There is a Treatiſe of ARx1THMETICK, 
containing all the Rules thereof, which are ne- 
cellary for the Seaman to know and pradtile, 
all or moſt of the Queſtions thereof being made 
_—_— in one kind or other to Nautical 


irs. 
Secondly, There is aTreatiſe of GzomETRyY, 


containing the firſt Grounds and Principles 


thereof, with the making and dividing of the 
| Mariners 
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To the Reader. 
Mariners Scale and Compaſs , with the pro- 
jeing of the Sphere in Plano, and the reſol- 
ving of many Queſtions in Aſtronomy , which 
are uſeful in Navigation thereby. 

Thirdly, you have a Treatiſe of the practick 
part of NavicaTion,wherein is ſhewed,after a 
new experienced way uſed by the Author, how 
ro keep a Reckoning at Sea:the making and ule 
of the Plain Sea-Chart : the DoRrine of plain 
Triangles made applicable to ſuch Queltions 
in Navigation as concern Courſe, Diſtance , 
Rumb, Difference of Longitude,and Departure: 
likewiſe, a Table of Meridional'parts to every 
third Minute,and the application and ule there- 
of exemplified in Queſtions of Sailing by Mer- 
cator's Chart : with "Tables of Longirude and 
Latiruge of Places, of right Aſcenſion, and Sea- 
ſons of certain Fixed Stars, with Rules to kee 
a Reckoning, and to find the Latitude by the 
Meridian Altitude of the Sun or Stars. 

Fourthly, There is a ſhort Treatiſe of 
ASTRONOMY, wherein you have the Doctrine 
of Spherical Triangles applied to Queſtions in 
Aſtronomy and Navigation. 

This is the brief Sum and Subſtance of the 
following Treatiſe, which I commend to the 
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To the Reader. 


8 _ — 


: Practice of all young Sca-men, deſiring their 

; kind acceptance of theſe my farſt "96 Lronm ; 

ll which if I ſhall find to be kindly entertained by 

n them,it will encourage me to lanch farther intra *- 
0 che more nice and critical part of this moſt no- 


ble Science. Inthe mean time I commend this 
ro them, wiſhing good ſucceſs in all their honeſt 
and laudable undertakings, and inthe interim 
bid them Farewel. | 


MATTHEW NORWOOD. 
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appertain to Aſtronomy and Navigation , from page 185 


a, FI"  ——— - 


fo page 203 
oF 


-- 


$93 


{2 eb» et 22 eh eye of of of» fn 
Re: bepepepetrperbepcdad5: 
GSY 160 -» 72 » © T>L: 5 - © 43D :540 £32 3 of 2 25 » 
08 55 42 48 6 39 08 GP C9 EP HUD the 


£ 
—_ 


THE TABLE. 


72000000Cc0000C | ' Millions of millions. 
800c00000000| Hundred thouſand millions. 
YyOCooooodeco|Ter thouſand millions. 
6000000000 |Thouſund millions. 
5ODOOOOOE | FAndred millions. 
30000000 | Ten millions. 
2000000 | Millions. 
800000 | Hundred thonſands. 
40000 |T en thouſands. 
5OOO | Thouſands. 
7co| Hundreds. 
10|T ens. 
I| Vnits. 


The Uſe of the Table to number. 


His Table ſignifies thus much , That if there be one 

Figure alone, it is but ſo many units as there is in 

its name, as 7 is ſeven ones or units. If there be two 

Figures, the firſt Figure towards the left hand is as 

many tens as there is units in-its name , and the other Figure is 
units: As if it were 10, that is tenunits : if it were 23, the firſt 
Figure 1s two tens, that is twenty units: and the next Figure is 
3, that 1s three units, The next place is hundreds, ard con- 
fiſts of three Figures, as 700 is feyen hundred : 723 is ſeven. 
B hundred 
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2 Of Arithmetics, 


hundred twenty three. And thus you may count any Number 
by obſerving the place of any Figure, end in their places gi- 
ving them their names as you count: As ſuppoſe I have a Num- 
ber, namely 7564319, it you tell from 9 backwards to 7, you 
will find 7 in the place of millions, then begin and 1ay ſeven 
millions :-then if you count again, you will find 8 in the place of 
hundred thouſands, 6 in the place of ten thouſands, and 4. in 
the place of thouſands, then to give them their proper Number, 
you will read thus: Seven millions for »7, eight hundred thou- 
{ſand for 8, ſixty thouſand for 6, four thouſand for 4, that is, 
Seven millions eight hundred fixty four thouſand ; then for 3 
three hundred, for 1 ten, and for 9 nine units, that is then 
altogether 7 millions 8 hundred 64. thoultand 3 hundred and 
ninteen, which is the quantity of units that is in the given 
Number 75864319. An1 thus much for Numeration. 


eA ddition. 


Ddition teacheth how to bring ſeveral Sums into one total, 
and is done as in the Example, thus : Suppole there be le- 
veral Perſons indebted to me, and they owe as followeth: 
I demand what the debt is ? Ad: the 


numbers together thus, begin at the right . Example. 

hand, and for every ten carry one to the A oweth- 7272 
next row, adding them up in their feve B eweth 2732 
ral rows, til you come to the laſt row on C oweth 3399 
the left hand , and as many tens as is in D owerh 3999 


that after it is added up, fo many ſet down 
by it in the next place on the left hand. Total 75,07 debt 17402 
h Example. 

In the firſt row towarts thexight hand, ſay 9 and 9 is 18, and 

2 is twenty, and 2 is twenty two, which ſhould be expreſſed thus 
22 : but becauſe the next place is the place of tens,you tet down 
2 units, and carry the other two (which is two tens) and add 
thera to the next row of tens, by ſaying 2 that I carried and 9 is 
eleven, and 9 is twenty, and fo forwards, {till doing to till you 
came to the laſt row, and as many tens as there is in that, fo ma- 
ny 


Df A:ithmettick, 2 


ny ſet down to the left hand : a, here it came but to 15,that 15but 
_ oneten beſi:ics ihe 7: if t':2y come to even tens (as here one roiw- 
came to thirty ) ferctown ©, wid carry the tens to the next place, 
except it bein the li} r, 10 the left hand, and then let down o, 
and your number of tens to the left hand of it. 
The Charaiters uſed in eArithmetich. | 
For pounds YU. | For degrees deg. | Minutes of time ' 
For ſhillings 5s. | For minutes ' | For hundreds C. 


For pence #4. | For ſeconds '” | For quarters 9. 
For farthings q. | For hours Ho. | For ounces ox#. 


— — - 


eAdaition of Degrees and Minutes, 


Ote that ſixty Minutes is one Degree, three Miles is one 
League, ſixty Seconds is one Mile or Minute, fixty Mi- 
nutes of time is one Hour in time : fiftcen Minutes of a Degree 
is one Minute in time, twelve Hours is an artificial Day, twenty 
four Hours is a natural Day, fifteen Degrees is an Hour in time, 
four Minutes of time is one Degree , three hundred and ſixty 
Degrees is the Circumference of a Circle, one hundred and 
eighty Degrees is half a Circle, or a Semicircle ; ninety De- 
grees is a Quadrant, or a quarter of a Circle, and eleven De- 
grees fifteen Minutes is one point of the Compatls, two and thir- 
ty times eleven Degrees fifteen Minutes is the Circumference 
of a Circle; ſo that there is two and thirty points of the Com- 
paſs in every Circle: one point of the Compals is three quarters 
of an Hour in time, or 45 Minutes. 
Admit I had keptan account of a Ships Difference of Longi- 
tude in Degrees and Minutes, that had been out eight days, 
and had made Difference of Longitude each day, as followeth : 


The firſt day 2 deg. 20'| The fifth day 2 deg. 39 

The ſecond day 2 deg. 45 | The ſixth day 1 dep. 29 

The third - day 1 deg. 30 | The ſeyenth day 2 deg. 19 

The fourth day 1 'deg. 11 | Theeighth day 2 deg. 10 

I deſire to know (if it be all one way) what number of degrees 
and minutes it is in one ſum, 


B 2 Begin 


a OD: Arithmttic6.. 

Begin as you did in Addition , and fſay 9 and 9 is 18, and 9 is 
27,and 1 is 28, and 5 is 33, tet down 3 and carry 3: then fay 3 
that I carried and 1 is 4, and 1 is5, and 2 1s 7, and > 1s . ©, and 
I 15a 11,ani3 is 14, and 41s 15,and 2 is 20: caſt out all th- Hxes 
from 25,and there remains 2, ſet it down , and as many Hxes as 
you caſt away, 'o many units carry to the place of Degrees(which 
was three fixes) and fay 3 that I carried and 2 is 5 and io forwards 
in that as in any other Sum in Addition : it being thus added, I 


find that it comes to-16 4. 23 m. the whole. 


Now you may ask a reaſon why I caſt away the 2 deg.—20' 
ſixes, the reaſon is becauſe 6 tens make a degree: 2 eg. — 45 
now with the three tens that I carried , and the - 99 

| egeo—T I 
tens that where in the row added up laſt, there > deg.——39 
were 20 tens, that muſt be 3 degrees and 2 tens . I deg. 29 
over : the 3 degrees I carry to the place of degrees, 2 deg.—19 
and the two tens I ſet down in the place of tens: Z©<5:-—10 
and thus in any other Sum. 16 deg. — 23 

eAddition of Hours and Mainntes. 
ho. min. 
- Dmit I have theſe ſeveral numbers of hours 41——c7 
and minutes to caſt uv in one ſum, namely, 22——1IL 
then becauſe 60 minutes is one hour, I do juſt 12-2 
. 186 ———32 
as I did before : be fure in the place of minutes 75.75; 
{et never above 60, for if you do, it is more than LA SIPY 


a degree. 

- The ſame is to be done in Addition of Money, only remem- 
bring in the place of pence to go no farther-than 12, becauſe 
twelve pence make a ſhiiling, as you do here to 60, becauic 60/ 
makesa degree, and in ſhillings no farther than twenty, becauſe. 
twenty ſhillings make a pound. An] thus in any thing elle /pro- 
vided that you know how many of the one makes one-of the 
other ) but for ſuch things they are not fo neceſſary to the thing 
we p3zpole to handle, and therefore | refer you to Mr. Hodacr's 
Book, it being of {mall price, and mych matter, and likewite 
very plain, 


Sybtrattion, 
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Subtrattion. 


* Udtraction is the taking a leſſer number froma greater, and 
toſee what remains: As {uppole a man was bound from Cates 
to Dover, which is 21 miles: now if he have failed 11 miles of 
the way, I demand what he hath yet to fail? Take 11 from 21, 
and the remainder is 10, fo I conclude he hath 10 miles till 
to ſail before he come to Dover : but in greater numvers they 
are ordinarily ſet fo that you are forced to borro: w , fo that they 
are ſymethins harder, 
Suppole the diſtance between two places be —— 1799 mics, 


Now I have failed of theſe miles —— 1227 

I demand what number of miles? 

[ have Rtill to fail. ah 

Set the greateſt number upper moſt, anc! the leaſt under it, and 
draw a line Hetween them, and a line uncer them both, and fay, 
7 from 9 and the remainder is 2, fet down 2: then 2 from 9g, 
there remains 7 ſct it down: then 2 from 75, and the remainder 
is 5: whatſoever number is underneath ſo much is ſtill to ſail, 
as here 572 miles. 

But now Ill give you an Example wherein the figures in the 
leſſer Sum, are ſome of them biggct than in the greater, from 
which they muſt he taken: now in ſuch a caſe borrow ten, and 
add to the upper figure. 

Example, 

A oweth to 2 7822 pound of Tobacco, now he hath paid 
4958 1. of it: 1 demand what is ſtill due. 

Set down your ſums as in the former di- Whole Debr — 759221 
re:tions, and lay 8 from 2 I cannot, but — 
$ from 12, and the remainder is 4: ſet it Received -— 4998 
down, 1 that I borrowed and 9 is 10, — 
from 2 I cannot, but 10, from 12,and the Still due — 2824- 
remainder is 2, ſet down 2 and carry 1, 

then 9g and 1 that I carried is 10, from 8 I cannot, but 10 from 
18, and the remainder is 8 ſet down 8 and carry 1 : then 1 
that I carried and 4is 5: 5 from and the remainder is 2, ſet it 


down, and thus you may do wy ſum of one denomination. 
Subtr ation 
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Subtrattion of Degrees and Minutes. 


| ED | 

| TT: being of ſeyeral Denominations, obſerve as before in 
18, ' Addition (of degrees and minutes) how many of the one 
4 ; makes one of the other: and if the under figures be bigger than 


' the uppermoſt (in the place of minutes) borrow from 60 the de- 


nominator of a degree, and ſubtract from it, and that remainder 


add to the upper figurc, and fet it down : but in the place of de- 
Srees, if the under number be bigger, do as you did before. 

I have made in my 2 Difference of Latitude North 32 deg. 48' 
Reckoning — - 5 Difference of Latitude South 2:9 des. 5g 


I demand what way I? I have differed my Litituac 02 eg. 49 
have differ'd my Lat. Þ and it # Northerly, bec.zuſe my Northing 
' moſt, and how much? 5 7 more than my Southing. 

Say 9 from 8 I cannot, but 9 from 18 there remains g, ſet it 
down; 5 and 1 that I borrowed is6,, 6 from 4 I cannot, but 6 
from 6,and the remainder is c,that o and 4 is 4: fet it down, then 
1 that I borrowed and 9g is 10, from 21 cannot, but 1o from 12, 
and there remains 2, ſet it down : 1 that I carried and 2 is 3, 3 
from 3 and there remains ©, fo that.-— 32 deg. 48 min. 

is ————— 02 aeg. 49 
more than 29 deg. 59 

The ſame may be done in SubtraCtion of pounds,ſhillings,and 
pence, obferving but how many of the one goes to make one of 
the other: be ſure in ſetting hw a ſum, you do not {et more 
minutes in the place of minutes than 60, or pence in the place 
of pence than 12, or ſo for any thing elite ſet no more than go0- 
eth to make one in the next denomination, 


Subtraition of Time. 


arr the greateſt number of time be 272 hor. 2.2: min. 
Let the leſſer number of time be —— 199 hor. 49 min. 


Sus... 


>... 


The Remainder of time is ——--——— 072 hor. 33 mm. 

You may try this over : it is done as the former, and needs 

no demonſtration (as I ſaid hefore) if you obſerve in any caſe 

how many of one makes one of the other, it is but borrowing 

j/' from that number, as we have done here. 


THE 


®. 
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The T ABLE. 
#2?) 


3 1 p C3?) C 9) C4? C161) 
18 (4. 18} 08 
2 times d 2b is 8 12 > 2 timess 3% 18 018 > 4 times4 , > 15 4 26 > 
7 [1g [71 - 2r] [8] [32] 
4 141 [8 | 24 | 9) 136) 
[03 L383 2: > > 
? 2 | 
3 Yo C 30 7) (49 
5 times > is <35 6 times ZN is ” 7 times} $ is 456 
ad 4O $ + 9 63 
2) (4) We 0 | | 


Stimes 3;$ is $538 primes Fg is $81 

This Table is ſo familiar to any one, that I need to ſay but 
little concerning it; when you read it, read thus; 2 times 2 is 4, 
2 times 3 is 6, and lo along to 2 times g which is 18, then go 
to the next, and ſay 3 times 3 is 9, then 3 times 4 is 12, and fo 
forwards. Now I with the Learner to have theſe Tables perfect 
by heart, before he proceed further. 


Multi plication. 


[ T doth Addition many times, for when you have many Addi- 
tions it makes one work of it, and allo of two given Numbers 
it increaſeth the greater as often as there is units in the lefler, 
or the leſſer as often as there is units in the greater. Now in 
multiplying there are three things conſiderable. 

Firſt, The Multiplicand, or Number that you would multiply. 

Secondly, 1 he Multiplier, or Number you multiply by. 

'Thirily, The Product or Sum produced. 

. Queſt. 1. 1 demand how many Feet there are in 320 Yards, every 
Yard being three Feet ? 

If you ſet down 320 yards one under the other three times , 
and add them, you will have the ſum of 320 yards in feet : 
but that is a tedious way , for then you muſt ſet down your 3 on 

| vards 


the Crofts; then multiplic 6 by o, and it makes ©, 


- . Df IArithmetick, 
vards an hundred times one under the other, if there were one 
hundred times fo much (et any thing) in it: but now Multipli- 
cation doth it at once; becaule there is 3 foot in a yard, there- 
ferc there muſt be three times 320 foot in 320 yards, 

Example. | ſet down 320 and 3 under the 
firſt figure on the right hand, and ſay 3 times Afultiplicand 320 
O is o, fct down ©, then 3 times 2 is 6, let Multiplier 3 
down 6: - then 3 times 3 is 9, tet down 9, 10 Dn 
the Product is 969 feet, which anſwers your Troant 960 
demand. Note, that when your Multiplication cometh to more 
than g, as many tens asare in it, ſo many you carry to the next 
place, (as you did in Addition) and fet down the reſt, as you 
ſhall in this Example following. 

Queſt. 2 1 demand how many CMinntes is in 369 Degrecs ? 

Note that 60 minutes 1s one degree: it 1s lels work always to 
make your greateſt Number your Multiplicand , 


and then it ſtands as in the Margin: then tay o no- 360 
thing is c,fet down ©; then © fix is o, tet it down; 60 
then © three is o, ſet it down: then go to 6, and Fw 
ſay 6 times © is ©, ſet it down, one figure to the 2160 
left hand under the former; then ſay 6 times 6 is _ 
36, tet down 6 and carry 3; then lay 6 times 3 1s 21600 
18, and 3 that I carried is 21, fet down 1 and car- w 


ry 2; now becaule there .is no more figures , fet 

down the two ( as I have ſhewed in Addition ) and > 

thus 360 degrees is 21600 minutes, if both the 

Products be added together. Then to prove your © 

work , add up your Multiplicand, and cat away > 4 

the nines from it, and ſet the remainder down over 6 

the Crols; then caſt away the nines of the Multi- 

plier it -it comes to 9, but if not, fet it down under © 
6 
O 


{et Cown that on the right ſide of the Croſs; then 
caſt. up your Product, and caſt away the nines 
from it, and if it comes to the ſame that the Multi- 
plicand and Multiplier did, (the nines being caſt 
away) then the ſum is done right, and ſtands as oX 0 
you ſee in the Margin. I ſhall here following 


LOS 
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ſhew two Examples, and let down two more for your practice : 
if you do not underſtan'] whar is {id, examine thele Examples 
which are wrought, and they will fatiife you. 

Quellt. 3. How many units is 6103+, times 62453125 units? 

Queſt; 4.” How much is 123456 times 45321072 ? 
;- Let. theſe- be the two Queſtions which here following are 
wrought-one after the other, Fn 


62453125 
612345 


312265625 
249812500 
187349375 
124906250 
62453125 
374719750 3 


The Prodult ef the firſt Queſtion 38242858828125 


45321672 
1234567 


— —-— 


317251704 
27193CO32 
. 226608360 3 


181286638 L 

135965016 3 
9064-3344 s 
45321672 


n—_——_— 


The Produtt of the ſecond Queſtion 55 952640636024. 


Queſt. 5. How many wnits is in 3438239 times 5289231423 ? 
eAnſw. 181856417 58534097. 

Queſt. 6. How many units 5 in 289764532172 times 3432176127 
eAnſw. 199452348727277447664- 


72, * Diviſon, 
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Diviſton. 


| + yang is that by which one may know ( at one operation ) 
any part of a whole Number, provided that the part be not 
under an unit : by part I mean thus, the thixd of a number, or the 
fourth of a number, or the twentieth part of a number, or the like. 

In Diviſion. there are four things conſiderable : Firſt, the 
Dividend ; Secondly, the Diviſor; Thirdly, the Quotient ; 
And fourthly, the Remainder after the Diviſion. 

The Dividend is the. number which you deſire to haye divided, 
or to have a part known. | 

The Divifor is that which you divide it by, or the name of the 
part which you would have known. 

The Quotient is the number of units that is .contained in the 
part required. 

And the Remainder of the Divifion is that part under an unit, - 
which is wanting to the true portion which is left in the Quotient. 

Your Sum when you let it, ma 3478 ( 
thus : 224 


Quelt. 1. ef man promiſed to do a Piece of work, for me in a 
Quarter of a Year : Now if there be 365 Days im a Tear, I 
deſire to know how many Days ts in this Quarter ? 


The fourth part of 365 days muſt needs be the number of 
days which this. man will be doing the Piece of Work, there- 
fore dwide 365 days by 4, and the Quotient ſhall be the whole -. 
days, and the remainder of: the Diviſion ſhall be the parts of 
a day above the whaledays. 91 days, and 


one fourth of. a day is a quarter of a year, & (1 
or, the quantity. of time. he-witk be doing . Example 365 (91 
this Work. We expreſs a Fraction thus : 44 
one. fourth ;., two: fifths2, or {os for any 
FraQtion. 

But. you: will. a how: this: is: done ? | 365C 
Which 1s thus: Firſt, ſet down your Divi- 4. 


dend 365; then to the left hand ſet down 


the 
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the Diviſor under your Dividend. but you will as& why I did 
not ſet it under the 3? And the reaſon is, becauſe 4 is more 
than 3, ſo that I could have had nothing from 3 till I had remo- 
ved it where it is : if 3 had beena number that I could haye took 
my Diviſor from, I would have ſet the 4 under the 3. 

Your Sum being ſet, fay how many times 4 can you have in 36? 
Nine times. Set down 9 in the Quotient, and multiply 4 by 9, 
ſaying 9 times 4 is 36, from 36 and the remainder 
is ©: cancel 4and 36 as you go ( by a daſh with your © 
pen) and your work ſtands thus : 3S5(9 

Then ſet your 4 under the 5, and fay how many 4 
times 4. can you haye from 5? Once, Set down 1 in 
the Quotient, and multiply it by 4, ſaying, once 4 is 4, from 
5, and the remainder is 1: ſet 1 over the 5, cancelling your 4. 
and 5 by a daſh with your pen (as you ſpeak :) now becauſe there 
is no more figures, your ſum is done, and ſtands thus : 

The 1 which remains is £ of a unit (becauſe the Di- ©( 1 
vidend is units) for whatſoever the Dividend is, the 3&5 (91 
Quotient and the Remainder ſhall be a part of it: it 44" 
hath its Denomination or Name from the Divilor 4. 


Queſt. 2. eA mas had an Eftate of 78998 Il. now he oweth to 2; 
ſeveral men 27821 1. apiece. I demand what each man ſhall have 
of the Eſtate , ſo that none of them may be wronged ? 

You will conclude becauſe they were owed alike, they ſhould 
have alike of that which was left, therefore divide the Eſtate 
by 23, and the Quotient with the Remainder will be each 
mans due. 


CE 5 
bz; 
Each will have 34341. jS ofa xg 79(6 d) 3 
pound for his Debt. 78998 (3434 : 
EEEEL E 
ZXX 


This is Diviſion of two figures when the Diviſor is two figures, 
and it is ſomething harder than the other Example : Thework- 
C2 ing 
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ins of it is thus, firſt ſer your Sum in order thus : 
Then I ſay, how many times 2- can, you have from 


78998 { 
23 


7? Three times: 3-times-2 is 6, from 7; and there remains 1 
(let 3 in the Quotient) and tay again 3 times 3 is.9, from 18, 


and there remains 9, then your Sum ſtands 
thas : 

You might have ſaid 3-times 3 is o, from 
8 I cannot, but 9 from 18, .and the Remain- 
d2ris 9, and 1 (for your borrowed one ten) 


from 1, and there remains o, which is moſt . 


ealie for memory. | 

Then ſet your Diviſor on place further 
towards the right hand in this form : 

How many times 2 can you .have from 
9? Four times: then 4 times 2 is 8, from 


9, and there remains 1, and. 4 times 3 is, 


12, from. 19 and the Remainder is 7 : 
and 1 ( for the ten ) from 1, and the 
Remainder.is ©; and then your Sum ſtands 
thus : 

Then remove your Diviſor to the next 
place, . and fee how many times 2 you can 
have. out of 7, which is 3 times: 3 times 
2156, irom 7 and the remainder is 1 : and 
3 times 3 iso, from g and the remainder is © 3 
and your Sum ſtands thus : 

Then remove your Diviſor to the next 
place,and fee how many times 2 youcan have 
from 10? which is 5 times: now 5 times 2 
Is 10, from 10 and there remains o, and 5 


i; 

78998034 . 

Z7%F | 
&-= 


CI 
Xg7O 
759980343 
333 


a, 
_- 


times 3 is 15, from 


8 I cannot. ( you ſee 8 is all that is left, fo that you have no- 
thing to horrow from.) therefore you, could nor take 5 times 23 


from 1c$, try for 4 times, 4 times 2 


is 8, from 1c. and the 


remainder is 2, and 4 times 3 is 12, from 28 I can, you ſec you 
may take 4 : fet 4 inthe Qiotient, and ſay 4 times 2'1s 8, f1010 
o I cannot, but 8 from 10, and the remainder is 2, and 1 that 
[ borrowed from 1,. and the remainder is o, ( cance] p+.,ymu ! 
ſpeak) then 4 tines 3 is 12 : .now 12 from 28, and the remain- 


wY 


- der 
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der is 16; but it is hetter to uſe your ſelf to this method, 
namely , to take your unitsfrom the place of units, and your 
tens from the place of tens, as here 2 is in the place of units , 
and 8 above, therefore lay 2 from g, and there remains 6, and 
1 ( for the ten ) from 2 and the remainder is 1: Now if this 
had fallen out ſo that the upper number had been 21, and 
the other 12, you know that 12 will be taken out of 21, but 
2 would not be taken out of 1; now in fuch a cafe borrow 
one 10, and fay as in Subtraction, 2 from 1 I cannot , but 
2 from 11 and the remainder is 9, one 10 that I borrowed 
and 1 is 2, from 2 and there remains o, and thus it is done 
at onc**: The reafon why it is done this way 1s, becauſe the 
Sum you are to tale from may be big , ſo that a man cannot 
teil readily what the remainder will be without Subtraction ; 
for this differs nothing from SubtraCtion, as it is ſhewed before, 
but only that vou carry one number in your head, whereas there 
both the numbers are before you. 

The hardeſt Sum in Diviſion hath but theſe Difficulties in 
thm: 

F:r't, B= ſure take no moreto ſet in the Quotient , than 
YOu! - Divifor:{ mv! [ttylied by it ) will come under the Number 
you are to take it from,.or equal to it. 

Secon 'Iy , Be ſure you take the one as many times as you can 
fron the gothor. 

Thirals- , Be careful in takeing one nuraber ſrom another, to - 
uſe tlits wW ay of SubtraRiorl. 


(1 : 
This Sum is done, and ftands thus : Tom | 
And it ſignifies that the 23. part xX9 7916 
of -$948 is 3434 Units and 3* of 78998 (3434 
a uit, EEEE, 


Flere 
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Here following is 4 Sum of four figures done, and the way fo 
prove any Snm. 


, 34771262 ( | (1132) 
("IVE 34771262 (1 
(1 IIA 
pr x(6 
Fr32/1 | w - @f 
3477x|262 (14. Ph 3 
2FX55y Yr = 
X34 ER, 
: 3477XE2[62 (148 
L | 34555 
2344 
(1 wh 
Zz (1 T 
X68 XxX z : 
X09 2 £ 
294X513 r68|g | 
FX6g + X3&Z 
XY _ 6 Z9 45 314 
3477x262 (1482 3x69 48 
ZZHKYSYS FT EXXx32426|4 
Z3444 Dividend 4437x262 (1482/7 Lu0t. 
33 Diviſor 23455555 
od 234444 
ZIZIF 
22 


This Sum is ſet down in its ſeveral Operations. From what 
hath been faid already, I ſuppoſe you may be able to examine it; 
the like is to be underſtood of any Sum elſe in Diviſion , there- 
fore I ſhall ſay no more, only ſhew how to prove them when 
they are thus wrought. 


The 
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The beſt way to prove Diviſion is by Multiplication , for if 
you myltiply your _—_— by the Divifor, and add in the 
Remainder , that produ& will be equal to the Dividend, if the 
Sum be right , and it ſtands to reaſon it ſhould be ſo, for if the 
Quotient with the remainder be in this Sum the 2345th. part 
of the Dividend, then *tis evident that 2345 times that Quo- 
tient muſt be the ſame that the Dividend is (with the remainder 
which is added in.) | 


Example. Duotient 14827 
Here you ſee the Example of it, Dziviſor 2345 
and the Produd the fame that the 


Dividend of the Sum divided was, and Le 7h. 
this I fay is the beſt way for young 5 ”. 'Y 
Practitioners to prove Diviſion , be- ſho. y I 
cauſe this makes them perfe& in Mul- "AD LY 
tiplication, - 


There isa ſhorter way to prove any Did. 34771262 
Sum in Diviſion , and - that is this : 

Caſt up your _— and caft away all the nines 

from it, (as you do in Multiplication ) and what 

remains fet down upon one fide of a Crofs thus: X 

Then caſt away your nines from your Diviſor = 
in like manner , and there remains 5, fet it down 
on the other ſide againſt 4 thus : 

Multiply them one by the other, and they pro- . > 4 | 
duce 20, caſt away all the ninesfrom 20, and the 3 4 
remainder is 2, keep this 2 in mind, and caſt up 
the remainder of the Divifien, and caſt all the ines 
from it : which if it be done in this Sum,afterwards 5 
there will remain 3, which add to the 2 that was * 
in your mind,and it makes 5,which ſet down thus: 53_/NF- 

Then caſt away all the nines from your Divi- 
dend, and the remainder will anſwer to the laſt 5 
number you ſet down in the Crofs, if the Sum be > 4 
right, which here it is.. | 3 * 


Reduttion. 


c - 
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R eduction. 


Ecuction ſheweth how to bring groſs or great Denomina- 
>. tions into {mall; or ſmall into great. wt, 
Queſt. 1. Suppoſe a Man had been at Sea twenty five Ye rs, and 
« forevery Minute of that time he was to have on Farthing , 1 
demend kow many farthings. is due to him ? 
Here l ſee how many minutesiis in that J- one year 355 days. 


quantity of time, and ſo many minutes | 25 
{o many: farthings there is due, which is, 

I 3140000 farthings. Now to find this, . 182 

I firſt multiply the years by the days con- 739 


tained in one year, which is 365, and | 
that produceth 9125. days, the number 125 years , 125 d-ys. 


of days in thatnumber of years : this mul- | 24 

tiplied by 24. gives for its Produ _ 

219cco the number of hours in the whole 36 ,00 
time, becauſe 24. hours is a day. That 1”2.;0 

Produc multiplied by 60, is the number — 

of minutes in the whole time ( becauſe 219000 Hoe. : 
every hour is 60 minutcs) which is the 60 . 

laſt Product, or the thing required, — 

which I ſet down as the Anſwer to my 13140060 min, 


Queſtion thus, Faczt 1 3 1 4.0000 farthings. 


Queſt. 2. Pray tell me what theſe farthings come to in Pounds , 
Shillings, ara Pence, 1740120 Farthings. 


ZxxX 
XX 4736X(6 x (1 
xX74&@Z2\0 (435039 (36252 (1812 
444444 XKLZEEYE EEHED 
rxxx } 


Four 
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Four farthings make a penny , therefore I divide the whole 
Sum of Farthings by 4, and the Quotient is 5 of the number of 
farthings, or the farthings reduced into pence, 435030 4. of 
which Sum I take the A, by dividing it by 12, which is the nexr 
Quotient ( the number of ſhillings that is the farthings ) which 
is 36252 5. 6 d, Twenty ſhillings make a pound, thereiore [ 
take the twentieth part of this laſt ProduR, by dividing it by 20, 
and that Quotient ſhall be pounds, and the remainder of the 
Diviſion ſhillings: 1812 /. 12 5. The Anſwer of your defire [ 
will tet down thus: 1812 {.—12 $6 d. 


Quelſt. 3. Some ſay that in a Mile there is 1760 Paces, three Feet 
being one Pace, twelve Inches one Foot, three Barley-corns being 
one Inch : Ipray tel me how many Barley-corns will reach three Mt. 
Becaule there is 3 miles, 3 

times 1760 is the number of 1760 

paces I in 3 miles: 3 

then becauſe 3 foot is 1 pace, Baa =4.1 

multiply 5280 by 3, and it In 3 Miles there is 5280 Paces. 

produceth the number of feet METS 

that is in 3 miles;then becauſe Feet in 3 eAiles 15340 

12 inches is a foot, — 12 

our feet by 12, and it pro- 

Scech eas, the Pars rr ; 31650 

of inches contained in 3 miles: We 

and becauſe 3 Barley-Corns 3 Miles in Inches 190080 

make an inch, multiply your 3 

inches by 3, and it gives you 

the number of barly-corns that 
are in 3 miles, and the ſame is Facit 570240 Barly-Corns in 
to be underſtood for any other 3 Miles. 

number of miles. 

Suppoſe I would know how many Miles is in the ſame number 
of Barley-corns, namely, 570240 Barley-corns. 

As before you multiplied to bring Miles into Barley-corns , 
{o now divide to bring things of ſmall Denomination into great, 
only begin at the loweſt, where before you ended, for the de- 
mand of this is the beginning of the other. 

D 


15840 


In Barley-corns 570240 


Example. 


LCEITES a> 
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Example. 
jj | pu 
#—- 724 2* xX#(0 
579z4|0 (492988 o(r584|0 (528\( 3 Miles. 
F3333F XXZ22%% FF3F Z760@ 

XYxrrX | 


Here the Quotient of the firſt Diviſion is Inches , becauſe 
three Barly-corns make an Inch, namely, 190080 Inches. 

The Quotient of the ſecond Diviſion is the number of Feet 
contained in thoſe Inches, (and therefore the Inches were di- 
vided by 12 )namely, 1584 Feet. | 
The Quotient of the third Diviſion is Paces, and therefore 
it was divided by 2, the number is 5280 Paces. . 

The Quotient of the laſt Diviſion is the number of Miles con- 
tained in either 570240 Barly-corns, or 19co80 Inches, or 
15840 Feet, or 5280 Paces, which is 3 Miles, the thing required : 
And after the ſame manner you may reduce minutes into degrees, 
or. ſeconds into minutes and: degrees, or degrees into hours , 
pounds into ſhillings, ſhillings into pence, and pence into far: } 
things, or the contrary, by knowing how many of the one makes 
one of the other. 

Tie Proof of Reauitron. | 

The Proof of Reduction is the ſame thing which we did laſt, | 
I framed it fo for brevities ſake. When you would prove any 
Sum that is brovght into a ſmall Denomination (by Moultiplica- 
tion,) divide it backwards, beginning with the Product of your 
laſt Multiplication, and compare them in each as you do it, and 
if the Sum be right they will agree. 

When you would prove any Sum that is brought into a great- 
er Denomination (by Diviſion) then as before you divided., fo 
| now multiply; for | have (hewe1 that Multiplication and Divi- 
4 fon is the Proof one of the other. 


Queſt. 4. I will reduce 28 degrees 2&/ 40" into ſeconds. 

| Firſt Multiply your degrees by 60, and it brings them into ; 
| 1 minutes, add your odd 20 minutes to that ProduR, and it "_ 

'| the : 
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- the number of minutes in that given number 82 Degrees, 
ot degrees and minutes : multiply that by 60 

60, and it pro'\uceth the number of ſeconds 
containe.i in that given number of degrees 


— — 


4920 Minutes, 


and minutes : to that Product add your EE os <0 
0d 40 ſeconds, and it gives the number 49. o' #7 all. 
of ſeconds contained in the degrees, mi- 609 


' nutes, and ſeconds, as here in this Example : 
and the. reaſon is, becauſe 60 minutes is a 296400 Seconds. 
degree, and 60 ſeconds is a minute: The 40 added. 
ſame is to be underſtood of the reducing 
of any number of ſeveral Denominations 296440 #2 all. 
into one. Facii296440 ſeconds 

Thus much for what Mariners have in 28 degrees,20 mi- 
. need to know in Reduction, nutes, 40 ſeconids. 

Nore, That the Remainder of any Diviſion either in Redu- 
Ction,. the rule of Three, or in any Diviſion, is ſome part of a 
Unit, namely thus: If the Quotient he ſhillings, the remainder is 
ſome part of a ſhilling : If the Quotient be pounds, the remain- 
der is ſome part of a pound. The remainder is the Numerator , 
and the iDiviſor is the Denominator of the Frafion; - ſo that 
if the Quotient were pounls, and the remainder 12, the Di- 
viſor 1s 20, and the Fraction is the £4 of apound, which is 12 
ſhillings ; the like for any thing elſe. 


te ta 


The Golden 'Rule, or Rule of Three. 


His Rule well underſtood, is the Sum of the reſt that fol- 
low it; for they are all (but as it were this Rule) it is cal- 
ted The Golden Rule , becauſe it is the Foundation of the reſt : 
It is called The Rule of Three , becauſe three numbers are given 
to find a fourth. | 
Now there is the Rule of Three dire&, and the Back Rule 
of Three: the Rule of Three direct, is for ſach queſtions as are 
fo ſtated, that the third number and ſecond multiplied together, 
and that Produdt divided by the firſt gives the fourth. 
The Back Rule of Three is fo Rated, that the firſt _— 
D 2 an 
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and the fecond are multiplied together , and that Produ@ divi- 
ded by the third, finds the fourth. 
And this is all the diſtin&tion that I can make between the. 


| forward and backward Rule of Three, which is all the Rule of 


Fhree: I will not make therefore two diſtin Rules of them.,. 
(but one) therefore pray obſerve this difference : 

In all Queſtions in the Rule of Three there is three things 
Siven to find a fourth, which number will have alike proportion 


to the third, as the ſecond hath to the firſt, 


In ſtating your Q-eſtion, be lute {et it be ſo that you may fet- 
your ſum in order with the firſt and third number, ſpeaking: 
both-of one thing : I mean if the firſt be Ells let the third be 
Flls ;. if the firſt be Degrees, let the third be degrees, or fome- 
thing that Degrees can be reduced to. | 

If your Sum be ſet with the numbers in ſeveral Denominations, 
defore you bring your Sum in order, you muit reduce your num- 
bers into the leaſt Denomination : As ſuppoſe your Sum was this, 
If 5 pound 10-ounces of Tobacco, coſt 10 ſhillings g pence, what 
ſhatf 510 pounds coſt? Reduce your 5 pounds 10. ounces inte 
ounces, and your 5 10 pounds into ounces: -likewiſe your ſhillings 
into pence, taking in the odd-pence and :edd ounces, as I have. 
ſhewed how to do it in page 16 and 17. | 

Your Sum being reduced ( as I have ſhewed) into the leaſt 
Denominations, ſet it in order thus : 

If 50 Ounces coſt 129 pence , what cofts $1600 ounces? 

Your Sum being in order, conſider whether your third num-. 
ber require more or les : if.it require more, multiply the ſecond 
number by. the greateſt of the two extreams, and divide that 
Product by the leſſer, it produceth the -fourth-number in the 
tame Denomination that the middle number was. 

If your third number require leſs, multiply the middle num- 
ber by the leaſt of. the two.extremes, and divide that produd by 
the greateſt, and it gives your fourth number in the ſame denomi- 
nation that your ſecond number was z then if you deſire to reduce. 
it into greater Denomination, do it as I have ſhewed already. . 

For your better underſtanding oof this Rule of. Three, I have 
here following done an.Example of it in right Lines, and have 
found it upon this Queſtion. . 


Queſt. 
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Queſt. 1. If 10 pounds of Checolato coft 15 ſbillings the firſt penny, 
what ſhall 2.8 ponnds coſt ? 


eArithmetically. 

If 101. coſt 16s. what will 28 1. coft ? 28 
IS 
(25. — 

4z(o(x2( 21. 140 

Facit 42s. FT-EME 1-1 28 
or 21. 25. Yr S——_ 
420 


Here is nonecd of bringing things into lower Denominations, 
becauſe the numbers are in one Denomination already. 


& 


Geometrically, 


Draw two lines that may+ouch one the other at pleaſure , as 
the lines AS and AE touch one an other in A, then upon the 
line A E, ſet 101. fixing one foot of your Compaſles in A,(I take 
the 10 from a ſcale of equal parts) from the ſame. ſcale I take 
15s, and fix one foot 0 
of my Compaſſes in A, 
an: let it off upon the 
line A.S, and draw a 
line from 15 to 10,then 
upon the line A E,l ſet 
28 (from A) and from 
28 I draw aline paral- 
lel to the line 10 T5, | 
then it isevident that if IO —FR 
A 10gives A 15, A 28 28 
will give A 42, becauſe 42 28 is drawn parallel to 15 10, and 
the-{ame holds in proportion : I marked it 4.2, becaule it is 42 
from A. 

A line parallel to another, . is when two lines go ſo evenly 
one by anoiher, that they be-in all places equally diſtant. . 


Queſt, 
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Queſt. 2. If 27 men rigg a Ship in 8 days, how many days fall 
20 men be doing it ? 


days men 
dyr ” > pans — > er 
Facit 10: 8 2|16( 10 
of a day or 4; 216 229 


Here you ſce the laſt number required is more than the middle 
moſt, for 20 men muſt be longer about the work than 27 men, 
therefore I multiplied the middle number by the firſt, becauſe 
it is bigger than the third, | 

If in 10days 3£ of a day 20 men rigg a Ship, how many ſhall 
do it in 8 days ? 

Here the number of days muſt both be brought into 20 of 
days (that is ſuch parts as 20 makes 1.) which is done by multi- 
plying the days by 20, now the reaſon is becauſe the firſt num- 
ber is of ſeveral DNenominations, and muſt be brought into the 
loweſt; which is the Denomination here mentioned. 


10 ££ — — 8 ' 
20 I® :7 
200 160 
I6 — 
— men 
If 216— =20 eps 160 
20 x + 
— 2+|0 
4320 4326 (27 men Fact. 
X60 
46 


' This is the other Sum ſet backwards as it were, and you ſee it 
produceth the ſame number that was given to do it in 8 days 
before, which affures you that your other work is right , and 
this is the way the Rule of Three is proved. 


Qyeſt, 
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Queſt. 3. If in four hours the Sun goeth 60 degrees, how far ſhall 
be go in 2.4. hours ? 

It 4 hours give 60 degrees, what ſhall 24 hours give ? 

+ . | 60 
Facit 360 degrees, X44 (360 —- 
IN 1440 | 

I need not prove this Sum, or any other, but leaye it to your 

own practice to ſet it backwards and do it. 


If 22 deg. 30 min. of the Horizon be two points of the Ma- 
_ riners Compals, how many points is 360 deg. | 


deg. min pornts. der. 
22 30 —— ——— 2 360 
60 ZYx 60 
xY47(0 
Len . 432C[>(32 Facit 32 points. EEONO 
30 ; 2 
7 Y3599 ED Toe: 
1350 mn. X3ZY | 432CO 


369 deg. is the Circumference of the Horizon or of any Cir- 
cle, and the Mariners have 32.points, that they have names to 
in the Compals, and no more ; then from hencejit is evident that 
I1 deg. 15 m2. is one point, 22 deg. 30 min. is two. 334d. 45 1. 
three, and fo forth. 

I might be large in han{ling Arithmetick , but it is a thing *' 
that hath »een very well handled by Mr. Record, and lately by 
Mr. Hodder, whole Works are cheap and very admirable : I 
. fhoul|| have faid nothing of this Subje&, if I had not found the 

want that Sea-men have of it, by daily experience in them which 
I have taught: and ſeeing | have perſiſted thus far; I will but 
ſhew how every Rule that followeth is worked from this Rule 
of .Three. 

The Backward Rule you ſce is it. 

The Rule of Practice is the Rule of Three abbreviated. 

The Rule of Proportion, fometimes called the Rule of five 
Numbers, or by ſome the double Rule {rom its Gouble working, 
is nothing but the Rule of Three . BE 

WW... 


I 
rw —andwogg ——s +—= 
: 
” 
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The Rule of Intereſt is the Rule of Three, as alſo Intereſt 
upon Intereſt. | 

The Rule of Fellowſhip is the Rule of Three, Ill do Examples 
of no more, but all Rules depend upon it : Vil begin with the 
Rule of five numbers. 


Queſt. 4. f 1001. in 12 Months gains 61. what ſhall goo 1. 

gain in 24 Months ? 

If 12 Months gain 6/1. what ſhall 24 Months gain ? I work 
the proportion before-mentioned , and I find that rcol, will 
Sain 12 /. in 24 Months. 

Then I fay if 1001. gains 12 /. what ſhall goo/. gain in the 
ſame time ? If you work it you will find it will gain 108 /. and 
this is the Rule of Three, for firſt you ſee what 100 /. will gain 
in the time that is ſet to g9co/, (provided it get 6 /. in 12 
Months) and then you ſee what gco!l. will gain in the ſame time, 
(provided that 100/. gains ſuch a proportion as you find it 
to do.) | 


The Rule of Intereſt, and Intereſs upon Intereſt. 
His is the Rule of Three, for it runs thus : | 
| Queſt. 1.1 let 478 |. for two years, what ſhall the Uſe of it 
come to, after the rate of 61. a year , for the lent of 1001. which, 


#s the common Uſe of it ina year. . 


Til ſet my Queſtion in order thus : 
If 100 /. gives'61. what ſhall the principal 478 give ? 
6 


Facit 281, 68 28 (68 (28 
— X.YOO — 
. 100 . 2868 


Here we have found what the Principle hath gained for a 
twelye-month, next conſider what proportion 12 Months is to 


the time your money was lent , which was 24 Months: now if 
it 
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it had .been three times as long: a time as: 12 Manths, you 
muſt haye. made it_.3, times .as.'much as. you find it for 12 
Months, bur being but 'twice as much , you muſt make the 
Uſe to to be twice 28 3££ which is 57:/.-723% of a pound; the 
ſame-is. to be underſtood of any number elſe; but in ſtead 
of ſeeing what proportion the time limited for the lent bears 
-with 12; Months, you may work it as you do the Rule of 
five Numbers, by ſaying ( after you have abbreviated your 
 Fra&ion. ) or 

. If 12 Months give. 23. 7$., what ſhall 24 Months gain ? 
"But I ſay the other way is beſt, after your other manner; 
[If it had been one fourth of the time , it would have been + of 
the uſe; it one fifth of the time,. 5 of the uſe. For it ſtands 
to reaſon, that if 1001, or any other quantity gains 6/1, in 
: twelve Months. it gains four times as much- in four times the 
time, or five times as much in five times twelve Months, and 
{o' forth. f ' 

- -I- might. ſay ſomething of Intereſt upon-Intereſt,, bur' that 
differs but little from this : At the years. end, add in your 
 ſimple-Intereſt to your Principal , -and make it one entire Sum 
till the next year, then add that Intereſt to the Principal the 
year before, and receive the-Intereſt of it : this is all it differs 


from the former. 


The. Rule of Fellowſhip. 

"T His Rule is the Rule of Three, done ſeveral times in one 

4, Sumor Queſtion: for here are ſeveral Stocks, and ſeveral 
men that own them; now if the principal, or all their Stocks 
gain ſo much, how much hall each man gain according to 
the Stock he put in? Pll ſay, if the whole Stock gained 
ſo much, what ſhall the firſt mans Stock gain ? , and fo for 
= : Str os | 3 
| Queſt, 1, S:zx men make 4 Stock, the firſt puts in-30 1. 
the ſecond 40.1. the third 521, the fourth #1. .. the fifth 


* — a Beth Prone as 
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601.” and "the fixth 58 1. If the whole Stock, together gains 


200 1. what fhall each. man have, ſo that there may be mo. 


wronp ? © | : 
EA , find the whole Stock by adding every mans Stock . 
together, which is 3187. 
4 ak , L 
9 ft 542 ©) oa 1G 
= : | Second 40 
Then ſay, If the whole Stock 318 1. gains. | Third 52- 
2:01. what hall the firſt mans Stock gain? | Fomrth 58 
a TE Ie Fifth 6q 
- | » g1i8- 


For the Second. 


If the whole. Stock 318 /. gains 200 /.: what ſhall 4ol..gain, _ 


which is the ſecond Stock ? | 
The like-is to be-underftood of the reſt-: 1 forbear to work 


them, as. being out of my+intentions: 1 leave'their operation to - 


your genius who never learned them.. 


. Queſt. 2. There where five men made 4 Stock,, the firſt put in 


200 |. the ſecond 59 1.” the third 18g 1. the fourth 781. the fifth . 
240 |. they loſt at the return of rhe Ship 1201. I demand each mans . 


Loft proportionable to his Venture ? 
Firſt find the -whole Stock, by- adding every mans Ven- 


ture together : this done, ſay for the firſt mans Los, if the - 


loſe ? 
| the fecond man Ioſe which put.in 59 /?_ | 


And fo for 'the reſt: - The way to, prove one of. theſe 
Queſtions is-'leſs trouble than the. Rule, of Three , for after 


For the fecond, If the whole- Stock loſe” 1201. what ſhall 


whole Stock..loſt 3294, -what. ſhall the. firſt mans. Stack 2004. . 


you have done, ad4.all your Facits "together, arid it will . 


make the ſame that was Joſt 'in the whole Stock , 'or gain- 


- in the whole Stock, ( if the Queſtion be for Gain )) and - 
is *ſands,”to 'gpoU.reafon ; for -every mans Lofs 'or 'Gain 


moſt *rogerhes be '<qual to t 


e* whole, '6r elſe they''do not - 
; con-. 


|| | 
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contribure to the Loſs, or enjoy the Gain that they haye loſt 
or gained. Os 

There is more intricacy in this Rule than I have here cited , 
- but the Foundation-work lies on the Rule of Three, and the * 
 Intricacy that I ſpeak of, will be underſtood with ſome con- 
Gderation : I had thoughts to have ſhewed it, but it is ſhewed 
as well as can be (I think) by Mr. Rccord and Mr. Hoddey : be- 
ſides it would take up much paper, and I ſhould digreſs from 
my intentions to Navigation. 

What I have ſhewed ſince I treated of the Rule of Three , 
is only a ſhew how all Rules depend upon this Golden Rule. 
Blame me not for being ſo large in Arithmetick ; but both 
that, and zl} faults elſe, ſeaſon with the Salt of a charitable 
Conſtrufion , remembring that Navigation is imperfect with- 
out it, I end. | 


a 
GEOMETRY. 
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Hat which 1 ſhall handle in Geometry , will be only 
that part of it which is uled in Navigation : He that 
will treat of itat large, had-beſt toputitina Treatile - 
by it ſelf, and he that will learn to be a good Geo- 

metrician, let him apply himſelf -to Exclid's Works: There isno . 

Art but hath adependency on it, and Navigation depends much. 

on it, which enforceth me to treat upon ſome principles of it. 


Geometrical Definitions... 


.. Point or Prick is this. (.) and is void of length, breadth: 
A or thickneſs. ' 

A Line is length without bredth'or thickneſs, and is-properly - 
called the neareſt diſtance. (if a ſtreight line) between two pla- 
ces: but if not ſtreight but circular, it is termed an Arch. 

An Aagle is when two lines are.ſo drawn that they will meet, , 
not in one ſtreight line, but one to croſs the 
other : now the place where they crols 
or inter{eR, is called the Angular Point , 
as in this figure A.is the Angular Point, All 
Angles that are bounded bysſtreight lines, 
are called right lined Angles,as the Angle A. 

A: Triangle is when three lines meet, ma- 


king three angular points ; nowhere be two ſorts , right lined, . 
- . and ſpherical: ſpherical being all the ſides Arches of great 
Circles. . There be three ſorts of Angles,namely, obtuſe, acute, 

and right angles. WIS : 
A right angled Triangle, is when a line is drawn from another 
line, ſoexadly upright, that it leans neither one way nor other, 
ag. 


Df Geometry. 
as you ſee the line' A B and E 22 
B.C: doth ;-alfo-the: Arch: 1 
which is bounded between 3: 00137ht1S v0 i LH. 
them two ſides, will be a | | 
quarter of a Cirele, as n A 
is : the line C A hbeing- 
drayn makes it a right an- 
gled right lined Triangle , 


whereas before it-was but a (3. mmm Þ 
right Angle. ” F 

An acate angled Triangle, is when' the fides lean ſo one to 
the other, as that none of the three A 


Angles will contain an Arch of 9go' 
degrees , which is a quarter of a. 
Circle , but will be all leſs, as you 
ſee in the acute angled Triangle 2 
V.S A. -*” 
An obtuſe angled Triangle is when the lines are fo drawn, that 
one of the Ariglesis bounded by above a Quadrant, or the + of 
a Cirele , as is. | . 
the Angle at K, 
ſee 3 u is above 
£'of a Circle: 
whatſoever part 


of a Circle any l | 

Angle bounds , . a Fn Log 
that Arch is the » wy 

meafure orcon- 0& WK 


tents in degrees | | by 
or points of that Angle, .as the Arch u-$ is the meaſure of the - 
Angle at K, the Center of 'the- Arch is K. When in writing 
we would expreſs an Angle in letters, we ſet the middle-letter 
for the Angle that is meant, as here-O RK is the obtuſe Angle 
at K.: The Complementgf an Angle or Archi, is what it wants 
of go degrees or a Quadrant : -or ſometimes ( if nee&require) 
what it wants of - a Semicircle , . which is. twice: 90..0r- 1 $6. 
degrees. | 4 | 
ACircle js a plain figure , ſwept out by: a-pair. of Compaſſes 


from ; 


from the Center, which is the place where one foot of the 
Compaſles ſtands fixed , 'whileſt the ather deſcribes it ; ſome 
call it a limb or perimeter: that i: HELP 
point of the Compaſſes which 
ſtands fixed, isat O the Center, 
the other foot deſcribes it at 
the extent you ſet them,as here 
the Circle ABCD*: a partaf a | 
Circle is termed a Segment, © = 

If divers Circles be deſcri- 
bed having all one Center , 
they be called Concentricks , 
but if they. have divers Cen- 
ters, they be called Excen- : RP 
tricks. | 

. The Gireumference of any Circle conſiſts of 360 degrees, every 
degree being 60 minutes. 

he Diameter of aCircle 15 a line drawn from one fide of the 

Circle to the other through the Center; As 'A C. 

The Semidiameter of a Circle is half the Diameter , or the di- 
ſtance from the Circumference to the Center. I 


PROP. 1. To raiſe a Perpendicular from the middle of a Line given 


Heline given is A B, divide it H*-2-6 
into two equalparts at F, then ET % 
oF 
open your Compalles to any con- s ip 


venient diſtance ( above half the | 
lengthofthe given line) and fix one 4 
foot 'in B, and with the other de- 

 ſeribethe Arch C Opens ſame | 
diſtance)'fix one foot of your Com-<_mu t——— | 
paſſes? in Ay and! croſs the other Ag FT B 


Anthiby the "Arch D (mind where they interſeA) and from that 

place Gwhirtlvis ©) draw a line to the middle of your given line | 

A B, namely to F, then is F © a true perpendicular fromthe mid- 
dle of the line' AB, for it is fo direRly from ir, that it leans no 

way. PROP. 
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Prov. I1. To divide 4 Line into two equal Parts by a Perger. 


dicular. 
THe given line is AB, fix 
- one foot of your Compal. D-.. gt 


ſes in A, and ſetting them at N%. 
any convenient diſtance, above | 
haſf the given line, deſcribe the 
Arches D and f, carry your > NS 
Compaſſes to B (with the ſame, 
diftance) and deſcribe the Ar- ' 
ches C and e, ſo as they may 
croſs rhe other Arches as they 
do in ©, mind it, and by thoſe - 


- 


interſe@ions lay your ſcale , and draw the line 00, which will 


cut the given line in the middeſt, and be a perpendicular to it, 


which was required. 


—— _— 


Prop. III. Ts raiſe 4 Perpendicular to the end of a Line given 


HE ou given line is-. | 
4 A'B, fix one foot of OTE N: 
your Compaſſes in that end Be, \ "8 
of your given Line, which. og i <1 FE 
you would raiſe your Per- Rs by 
pendicular from, which is B, L "TD 
and extend your Compaſſes | 10 C. SOT 
te' any-conyenient! diſtance , . Fs: 

ito R ) ant} deferibe. the Arch © 0. | | 
R-c'D,( continue the ſame ——— = " 
diſtance in your Compaſſes) A K. wy 


and fix one foot in R,extend - 


DIP DInmI=——BL Ir — ICI Ro O_o my .-” 
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the other upwards to c, then making. c: the Center, deſcribe 
the Arch 1, 2, 3, and beginning at R, ſet off that diſtance three 
times upon that Arch, as 1,2, 3. from the place where ,your 
Compaſſes fall the third time, (which is 3) draw a line to the 
place where you began your work, which 1s B, and it is a Per- 
pendicular to your given line. , 4 oo oo, ors 


; Aa 


* eAnother way. . 


After you have deſcribed the Arch R c D, (with the ſame di. 
ſtance which deſcribed it) extend your Compaſſes from R to c : 
from c (with'the ſame diſtance) deſcribe the Arch u :- which is 
part of the 'Arch R 1 2 3: then extend the ſame diſtance 
again which falls at D, and croſs the Arch before deſcribed as 
N, and from the place of their interfe&ion, draw your line to 
the end of your given line, and it ſhall be a Perpendicular : you 

lee it is the ſame the other was. . OO rs 


. 

4 wx — * 

— — > <—— — A —  —— 
ks 2- 


Prop. IV. To let fall a Perpendicular from & Point to a 
: given Line. 


FT Et the given line be D A, 

- the point from whence ; 
' the Perpendicular is to be let - -» 
fall, be .at C. 

Rroni'the point C, draw a 
white lite to the given line (by 
gudls JasC A, divide it into two 
equal parts, which is done at ——> 
B, then- continuing + the line _ D 
C A, which is A Bor CB in your Compaſſes, and your Com- 
paſſes fixed one' foot at B, deſcribe the: Arch CD, and where 
it cuts the given line, there will:your Perpendicular fall from 
the given point, for C D is Perpendicular. to the given line 


C 


wy 
e®: na. 


- 


PROP. 


; 
| 
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Prop. V. To araw a Line parallel to a Line given, 


| De the given line be AS: It is required to draw a line ſo, 
that the two lines may run (at both ends) one by the other 
and never meet, which is parallel one to the other. Open your 
Compaſſes to that extent as you would have the two lines aſun- 
der, and go towards one end of the given line as at S, and 


Ml * R 


Y of” NN " p o*® FF **.. 
SI 


deſcribe the Arch u, and with the ſame diſtance come towards 
the other end as at A, and defcribe another Arch which is N, 
and by the top of thete two Arches draw the line RO, which 


is parallel to AS. 


PROP. VI. To draw a Line parallel to a given Line, from 
any Point aſſigned. 


| Bo the given line be SL, the point aſſigned be A, take the 
diſtance from S to A, and carry it towards the other end 
of the given line as at L, deſcribe the Arch n, then take the 
diſtance from L to S, and fixing one foot of your Compaſſes in 


FE the 
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the given point A, croſs the Arch n with the arch 0, and by 
the place of their interſe:on, and the point aſſigned draw a 
line, which ſhall be parallel to SL, 


Prod. VII. To mnke.a Square of a Line given. 


Et the Line yo” be A, equal to which draw. the ſide of the 
- Square BE, and from one end of it raiſe a Perpendicular, 
and by it ſet off the length of A. as here from E the Perpendi-. 
cular was raiſed,and the length = | 
of A ſet upon it, which is the 
fide of the Square E D, con- 
tinue the ſame Uiftance in your 
Compaſſes, and gs to D, and 
deſcribe the Arch 8: carry the 
ſame diſtance to B, and croſs 
the Arch 3 with f, and from. 
| the interſe&tion of thoſe two. 
Arches,draw the ſides CD and | 
CB, which makes the Square - i 
BEDC, & this isa true ſquare, 


Ac _— 


PRoe. VIII. To take a Square, whoſe Length and Bredth'is given. . 


T Hele ſorts of Squares are-called Geometrical Squares, when - 

& but two (ides are equal: namely, the two longeft ſides,or - 

_ my ſhorteſt ſides: The Angles are all equal, namely right 
gles. 

Suppoſe the Length of. the Square be A, the bredth'B, I de- 
fire to make it + firſt draw e line equal to A-(for the length of it) 
asS V, then from any.end of that Line raiſe a Perpendicular ( as 
here from V) and ſet off the line B for the bredth of it - ( upon 
it) which falls in the Perpendicular line at L, then take the 
length of A, and deſcribe the Arch n, (fixing your Compaſſes 
one foot if L) then take B the bredth, and troſs that Arch by 

| another, 


_——— 
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another , fixing your 

Compaiſes ( one foot ) E: 7 | 
in $, and draw L KR, Wks, 8 

and KS from the place . 


of their interſe&ion,as 

-you did in the other : | 
hus the two oppoſite | 

ſides in this Square are - 

equal,and the Angles in $ PB 

both all equal, for they A\ ___ 

are right Angles. 


Prop. IX. To make a Diamond Figure of a Line, and an 
Angle groen. | 


Diamond Figure is a Figure of four equal ſides, but the 
Angles are two of them acute, and two of them obtuſe, 
the acute Angles are equal, 
and the obtuſe Angles are 
equal one to another. 
Let A B be the given line, 
CB themeaſure of the given 
Angle, (A being the angular 
point) firſt take the line AB, 
-and draw a line of its length, 
for one fide of the 6eure/\, PA 
(namely 8 o) then take the 
Semidiameter of the Arch CB which is CA, and fixing one 
foot of your Compaſſes in 8 , deſcribe the Arch $ o, and take 


; . fam 
O k. 
.- 


the Arch BC, and ſet it off from O to S, then draw the line 
S 8 equal fo $ O, this done, keep the length of O 8 in. your 
Compaſſes, and from S and O deſcribe the Archesn and t, and 
draw the ſides OR and SR, as you did in the other figures, 
and thus SR is equal to 8 Q or RO is equal to 88, and the 
oppoſite Angles alto equal. I forbear to ſhew the reaſons. of 
their being equal, becauſe it hath been. handled by others, 
and indecd it is (o plain, that witha little conſideration you may 
know it, | 
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Prnopr. X. Toe make a Rhomboiades of two given ſides, and 


an Angle included. 


a 


A Rhomboiades is a figure whoſe oppoſite ſides, and oppoſite 
Anglesare equal (as a Geometrical Square is) but in this 
they differ: a Rhomboiades hath never a right Angle, but two 
obtuſe, and two.acute, whereas the other hathall right Angles; 
it differs from the Diamond figure alſo; for in one the ſides are 
all equal, and in this but two equal ſides :- I need not ſhew the 
working of it, becauſe it differs not from a Diamond figure 
only in taking the two ſides apart, to.deſcribe the Arches at Lz 


Lſuppoſe you may conceive how it is made, by ſeeing this which 
is here made; the given fides and: Angle is f ON, I have not 
fet down the Arch to meafure the Angte at O. 1 ſuppoſe from 
what hath been ſaid, you will conceive how. that is. 


©. Prop. 


Of Geometry. 37 


PRopP, XI, To find the Center of a Circle. 


Dmit the given Circle be 
SAuC and I would 
find the Center of it. 

Draw a line from fide toſide 
of 'the Circle at a venture, as 
AC, and divide that line into 
two equal parts by a Perpen- 
dicular (as was ſhewed before) 
that Perpendicular line draw 
through the Circle from fide 
to ſide, asisuS, and it ſhall 
be the Diameter of the Circle, 
the half of which is the Semi- 


diameter or very Center ©. 
It is poſſible to find the Center of a Triangle after the 


ſame manner: Suppoſe the Triangle, whole Center you 
would find were A Cn, divide any fide into two equal parts 
by a Perpendicular ,-and it will go through the Center of 
the Triangle, as the fide AC is divided into two equal parts 
by the Perpendicular BS; then, I ſay, BS goeth through 
the Center of this Triangle; but to find whereabouts in 
this Perpendiculer the Center of the Triangle is, I know by 
no other means, but by removing your Compaſſes in this 
line, from place to place till you find it, which is here found 
to be at vu. 

But this is but a botchingly way, and with a little more 
labour you may find it at once, therefore mind this Geo- 


metrical Example, 


Prop. 


PROP. XII. To find the Center of 4 Circle , of a Triangle, or 
any three Pricks that be not in-@ ſtreight Line. 


T He given Triangle is A'BC, divide the longeſt ſide A C 
into two equal parts by the Perpendicylar nm, then 


divide either of the other two ſides into two equal parts by a 


Perpendicular (here the ſide B C is divided ) and where theſe 
two Perpendiculars interſet one another, there is the Center 


of your Triangle, namely ©, if it had been a Circle you 


might have made three pricks ..,:. 
for the three Angles, and ima- +» 
gined the diſtance between thoſe 
pricks to be the ſides of the Tri- 
angle, and proceeded as you did 
here; and the Center of thoſe 
three pricks, muſt have been the 
Center of the Circle,becaule they 
were all in the Circumference, or 


Sweep it lelf. 20S 
Here might be ſeveral Queſti- - | ay / 
ons deduced from this Demon- —_— 


ſtration , but Pll content my ſelf 
with one, and leave ofhers that might be framed to your con- 
{ideration. ' | 

Cueſt. JI have a Piece of Ground that hath three convem- 
ances in it ,, which be theſe ;, the firſt is a Garden, now the Gate 
of this Garden us diſtant from a Gate that leads into an Orchard 
300 Yards, that Gate us diſtant from the head of a curious River 
352 Yards: Now if the bead of this River be dijtant from the 
Garden-Gate 500 Yards, 1 demand where 1 may build me a Houſe 
that may ſband of a like diſtance from theſe Places , and how far 
it (hall be from them ? 

{ conſider that theſe places cannot be in a ſtreight line, 
becauſe then the Houſe will not be of an equal diftance from 
thoſe Conveniences, and therefore if lines be drawn from one 


place from another, it will make a T riangle. A 
The 
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The Operation. 


Make a prick with your Compaſſes for your firſt ſtation, . 
which is G ,; then from a Scale of equal parts, take off the 
diſtance betyweeti the Garden-gate, and the Orchard-gate 305, 
(counting every equal part 109) and fixing one foot of your 
Compaſſes in G, ſet them upwards to©, which is the diſtance 
between the Garden and the Orchard, then take the diſtance 
between the Orchard-gate O and the River, which is 350 yards 
(or three equal parts and an half) and fix one foot of your. 
Compaſles at the Orchard-gate O, and with the other deſcribe 
the Arch n t (which Arch will ſweep the head of the River ) 
laſtly take the diſtance between the firſt place and the third , 
( which'.is the diſtance between the Garden and the River ) 
5©o yards or 5 equal parts, and fix one foot in G the Garden- 
cate, and croſs the Arch n t by the Arch uſ, and draw the 
ſides OK 350 yards, and GK 5oo yards to the place of their 
interſe&ion. 

Now becauſe this Houſe is to be bnilt of an equal diſtance 
from every of theſe places, therefore the Center of theſe 

© three Conveniences (which arc repreſented by the three _ 


do iu ite Sees MAGE d/o 054 ee 3 nn AL roo . 


OK and G) muſt be the place where the Houſe mult be built, 
which is at L, and the rcaſon is, becaule the diſtance between 
the Tcnter and any part of the Circumference is alike: I have 
ſhewed already how to find the Center. 


Prop. XIII, To divide the Circumference of 4 Circle into 2,, 
4, 3, 16, 32 equal parts, 


f ben Circle to be divided is ABCD; firſt draw a line 
parallel (if you will) to the bottom of your Book as AC, 
through the Center ©, which divides it into two Semicircles , 
divide that line into two equal parts by a Perpendicular ( which 
Perpendicular will fall through the Center )) it is BD, then 


is the Circle divided into four equal parts, divide them four 
equal parts (each) into two equal parts, and the Circle is divi- 
ded into-eight equal parts; divide them eight parts into two , 
and the Circle is divided into fixtcen equal parts, and them fix- 
teen (each) into two equal parts, and the Circle is divided into 
thirty two equal parts, which is the thing deſired. This is 
ſufficient in Geometry for our uſe in Navigation. 


The 


Df --Geometry. -&1 
\ The Projeftion of the Mariners Compaſs. 


Deſcribe your Circles one within another, as you ſee here 

( makeing one center for them all when you have ſo done, divide 

it into 32 equall parts, as I haye before ſhewed, and drawevery 
G 


other 
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other-point to the inner Circle, the reſt to the fourth Circle) thus 
the Compaſs is made. If you have a deſire to divide it into half 
points, divide the whole ones into two equal parts round about, 
and draw them to the third Circle; if into quarters, divide your 
halfs into two equal parts, and draw them to the ſecond Circle: 
draw none but the North and South, Eaſt and Weſt, Northeaft 
and Southweſt, Northweſt and Southeaſt points through the 
center. For drawing the points, it is but obſerving to make the 
North point a whole point , and the other ſeven great points will 
fall by courſe (if you obſerve to make a great point of every other 
from the North point.) It is common for a Circle withoutall this 
to be divided into 360 deg. and then you may ſee how 11 deg. 
I5' is a poiat of the Compaſs. But I have proved that in. 
Arithmetick, which ſaves me a labour here to do it. 
The Projettion of the Plain Scale. 


T B 


Deſcribe a Semicircle upon the line A C (if you are minded 
to have your Scale large, let your Circle be large, for the Scale 
will be according tv the Circle ) anq divide it into two equal 
parts by the Perpendicular Bo: the one of theſe Quadrants 
divide into 8 points of the Compaſs , the other Quadrant , 
namely B A, divide into degrees, which is done by dividing it 
into 9g equal parts, and every one of them parts into 10 equal 
parts, which is go degrees for the Points of the Compals, they 
are ſhewed ſufficiently before. Suppoſe your Scale were gaged 
fit for your turn , namely, a place to ſet the line of Chords, 
a place to ſet the lin- of Sines, and a place to ſet the Points of the 
Compaſſes :-( there are Lines of Longitude, and Tangent lines, 
but we ſhall meddle with neither of them at this time , be- 
cauſe without them theſe will be ſufficient with a Scale of equal 


. parts.) 


For the Line of Chords. 


"= Chord of an Arch is that quantity of a Circle that is 


between the two ends of a line that is drawn from one part 
of the Circumference to the other, as the line A 1 is the Chord 
of 75 degrees ( for every pricked Diviſton is a fifth) and ſo a 
ſtreight line drawn from A to 10, is the length of the Chord 
of 10, aline drawn from A, to 20 degrees is the Chord of 20 
degrees, and ſo of the reſt. Now your Circle being thus divi- 
_ , take of eyery degree, as I have, and apply it to your 
Scale. 


For the Points of the Compaf. 


T9 are taken off after the manner of a Chord: firſt C 1 

for one Point, then C 2 for two points, and ſo of the reſt ; 

but you muſt be ſure to take your Line of Chords and Points of 

the Compaſs from one and the ſame Arch (namely, the utter- 

moſt) elfe they are not proportionable ( which they muſt be ) 

_ - every quarter in the manneras you took the degrees of 
orads, 
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A Of Grometry; 
For the Lines of Sines. 


A Sine of an Arch is always half the Chord of twice that 
Arch, as my Father ſheweth in his Deſcription of 4 Sine, 
(p. 2. of his Trigonometry, Book 1.) It is the neareſt Diſtance 
between the place you have a deſire to meaſure, and a line from 
the other place that goeth through the Center of the ſame Arch 
(which is a Perpendicular let fall to it) namely 460 is the mea- 
ſure of 60 degrees (the, Arch A 60). For. your better under-. 
ſtanding , obſerve this. following Example for both a Chord 
and a Sine. | 
Admit I would take the Sine of the Arch-\ I in this Scheme , 
from either ſor I, I'll drawa Line to the Center of the Arch ©, 
which is { © drawn from 
{ from the other end- of 
the Arch 1, I let fall. a, 
Perpendicular upon that 
tine which is 1; -then is.. 
the length of I u the Sine 
of the Arch I 1: but for:. // 
breyities ſake we ule to f 
fix our Compaſſes one : 
foot in I, and extend the 
other juſt to {weep the... 
ling that goeth through . 
the Center ſ\ ©, which 
is the length of the Per- 
pendicular Iu. If I were- | 
to take the Chord of the ſame Arch, the line \ I is it, and theſe 
two lines are fit.to apply to a Scale of Sines or Chords ( to find 
that Arch ) provided that the Semidiameter of the Arch be the 
{ame that the Scale was made by-:_-and this is evident then, that 
if, two lines be extended to the:Semidiameter of. the Arch the 
Scale is made hy ('which we call the Radius) then the meaſure 
af the Arch that is cut between them two lines, is the Chord of, 
the Anglecontained hetween them lines, as £ I is the Chord ok 
the Angle Iof. £ A 
r- 
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Or if one of then be extended to the Radius (as is ©I) and 
the other ſo far that the perpendicular is let fall upon it (as © v) 
that perpendicular is the Sine of- the Arch included between 


theſe ſides. , 
The Sine of an Arch is half the Chord of twice that Arch, as 


I u is the Sine of the Arch I 1; and is half I B, the Chord of the 


Arch j { B, which is twice I f. 
The Projettion of the Sphere in Plain Lat. 50 deg. 


a» 
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There- 
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There be many that do not attain to the Doctrine of Spheri- 
cal Triangles, and are loth (indeed or cannot) ſpend time to ſtudy 
them: | have thought good to ſhew the way to meaſure any 
thing that is uſeful for Seamen by the plain Scale (before made : ) 
and though this cannot be fo exa&t as to come to a minute of a 
degree, yet it is exadt enough for our uſe at Sea: For in taking 
an Azimuth , or Amplitude, or ſuch like, half a degree of the 
Compals will not make your Courſe the worſe (after -you have 
allowed for Variation) it being not full the 2 2*' part of a poiar, 
which. is no ſenſible error in ſteering : or for finding the length 
of the day (for ordinary uſes) it will breed but little error, 30 
minutes being but 2 minutes of time ; but for other things that 
require exactneſs to a minute or lefs, of a degree, this way is of 
no conliderabie uſe; the way by the Tables keing exact, and 
ſo better. (I ſhall do both) The reafon I handle this here, is in 
order to Navigation , that you may uncerſi:an4 the Circles of 
the Sphere. This by way of Advertiſement. | 

Efore I ſhew how to proje& the Sphere, it will be negeſſary 
to underſtand the Circles of the Sphere. 4 

A Sphere is a Scheme or Figure which repreſents the Heavens, 
and therefore is round exattly, though upon a Plain it d6th not 
ſeem ſo; from whence it is evident, that the lines here drawn 
in it cannot be ſtreight lines, but Circtes: Now there are two 
ſorts of Circles, namely, the Greater Circles , and the Leſſer ; 
the Greater Circles are ſuch as go round the very Body of the 
Globe, and 16 cut through two oppoſite points, dividing it into 
two Hemiſpheres, and are (ix in number, which are theſe : 

1. The Axts of the World. (From South to North Pole.) 
2. The Horizon, JE 

3. The «£quinottyal, | 

4. The Ecliptick. 

5. The Eaft and Weſt Azimuth. 

6. The Meridian. 

The ſmaller Circles of the Sphere, are all ſuch-Circtes as do 
not divide the Sphere of Heaven into two Hemiſpheres , and fo 
are Jefs than thoſe that do; and they be four, namely, The 
two Tropicks, and the two Polar Circles, which to —_—_— 
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the Southermoſt from the Northermoſt, we call the Souther- 
moſt Tropick , Capricorn ; the Northermoſt, The Tropich of 
Cancer; the Southermeſt Polar Circle, The Aztartick; and the 
Northermoſt, The Avrtick Circle. 

All Circles that cut through the two Poles of the World, are 
called Meridiansz and are alſo Great Circles, becauſe they di- 
vide the Sphere into two Hemiſpheres, cutting in two oppoſite 
points: it is certain, if. a Circle goeth through two oppoſite 
points, it is.as great a Circle as that gloyous Body can bear , 
and muſt divide that Body into two Hemiſpheres , as doth the 
Meridian A B-CD. 

The Poles are two oppoſtte places in the Heavens, and are 
the ends ( as it where ) of that Line called the Axletree, which 
the Heavens may be imagined to turn upon : here that Line is 
called the 4x of the World. 

The EXquinottial is a Great Circle of the Sphere, which lieth 
between the Pole ſo ey, that its diſtance from either Pole 
is-g0 degrees ( the half of the diſtance between the Poles) and 
becauſe it is ſo equal between them, there begins Latitude; fo 
that whatſoever Latitude you are in, ſo many degrees and mi- 
nutes the Xquinoctial is below that part of the Heavens which 


is right over your head, and-is called the Zenith; or from being - 
right under you, which is called the Nadir. All. Meridians cut - 


this Zquinodiial at right Angles. 

The Eaſt and. Weſt Azimuth is a Great Circle of the Sphere 
that cuts through two oppoſite points of the Heavens, namely , 
the Zenith and Nadir: it alſo cuts the Horizon at right Angles 
in the points of Eaſt and Weſt; and therefore is called the Eaſt 


and Weſt Azimuth: all Azimuths are great Circles and cut | 


the Horizen at right Angles. | 
The Horizon is a Great Circle of the Sphere, and divides 


that part of the Heavens which we do not ſee, from that part - 
which we do ſee: or it is-the furtheſt part of the Heavens - 


which we-can ſee for the Body of the Sea; it is only to -be 
fern at Sea, or upon the ſhore where there is no land between 


you and it, and ſo you havye divers Horizons according te your - 


_ » for as you raiſe one part of the World, you lay the 
other. 
, The 
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The Zodiack is a great Circle, it is the bounds of the twelve 
Signs : now in the middle of it is the Ecliptick Line, in which 
Line the Center of the Sun goeth, and paſſeth every day its mo- 
tion of Declination, till it comes to its utmoſt 'bounds, which 
is to the Tropicks: it cuts the XEquinoQial in two oppoſite 
points, and makes from theſe points an Angle of 23 deg. 30 mir. 
which is the: Angle SR t, ſo the Sun is never out of it. The 
twelve Signs divide-this Ecliptick into twelve equal parts, and 
toevery Sign theee. is a,Name, and a CharaQer for that Name, 
and a Month to that Sign ; which for your better knowledge I 
'have here following inſerted. 


The Names and Charatters of. the twelve Signs, with the Months 
. they belong to. 


March FeArics . NV 

April Taurus o& | 

May Geminzs ' It | Theſe be the Northern 
June 3 Cancer ©? h Signs 

July Leo SL 

Auguſt {Yirgo my 


September # Lihra tz) 

Ottaber | Scorpio m 

November | Sagitrarizs Þ | Theſe bethe Southern 
December * Capricorn Vf Signs 
January eAquarius & 

February { Piſces XJ 


Six of theſe be Northern Signs, andare in the North part 
of the Zodiack ; and ſix of them are Southern Signs, becauſe 
they be in the South part of the Zodiack. The twelve Signs are 
twelve Conſtellations, the Months anſwering to themare agree- 
able. Thus much for the great Circles of the Sphere. 

The ſmaller Circles are the Polar Circles and the Tropicks. 

. The Polar Circles are diſtant 23 deg. 30 min. from the 
Poles, and between them and the Poles is counted the Frozen 
Zones. 

| The 
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The Tropicks are the bounds of the Suns Declination , and 
they go parallel to the ZEquinoRtial (and 23 deg. 30 min. from 
-it) the Tropick of Cancer being 23 deg. 30 mir. to the North- 
wards, the Tropick of Capricorn being as far to the South- 
'wards , which is the Suns furtheſt diſtance from the Zquator at 
-any time, 


Flow to Projedt a Sphere. 


His Sphere or Scheme is proje&ed on this wiſe: Firſt, take 

an Arch of 60 deg. from your Scale of Chords, and deſcribe 
the Meridian-M A ER. Now the reaſon you take juſt 60 deg. 
is becauſe that number of degrees taken from the Scale is the 
Semidiameter of the Circle the Scale was made by : ſo then - 
whatſoever you take from that Circle, and apply to the Scale, 
it will be the quantity of it in degrees and minutes; or from 
. the Scale if you take any diſtance, and apply it to the Circle, 
it will be the ſame quantity upon the Circle, that it was upon 
the Scale. 

The Meridian being thus deſcribed, draw the line A R 
through the Center, which repreſents the Horizon : Crols that 
at right Angles, and draw the line E M, which is the Eaſt and 
Weſt Azimuth. * : 

Then becauſe the Sphere is made for the Latitude of 50 deg. 
take 5o deg. from your Scale of Chords, and fix one foot in 
the Horizon at A, and fet the other foot upwards to B,. (make 
a prick or mark) which is to ſignifie that the North Pole is ele- 
_ or raiſed above the Horizon ſo many degrees as the La- 
titude is, 

Keep the ſame diſtance in your Compaſſes , and go to E with 
one foot, and let fall the other upon the Meridian on the left 
hand , which will be at G, and will repreſent that point of the 
Xqino&tial that cuts the Meridian of that place which is the 
neareſt point of the Zquinottial to that Zenith, and is as much 
below the Zenith, as the Pole is aboye the Horizon. 


H Latitude 


Latitude 50 deg. 00 min. Declination. | 
Northerly 13 deg. 15 min. 


L TM. 


Keep the ſame diftance, and carry your Compaſſes to the Ho- 
rizon at R, and let fall the other point to K'in the Meridian , 
which is. the South Pole ; for as much as the North Pole ts ele- 
vated above the North part of the Horizon (at A) ſo much is ' 
I Pole depreſſed below the South part of the Horizon 
at NN, 7 
Continue 
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Continue the ſame diſtance between your Compaſſes, and 
fix one foot in the Nadir at M, and ſet the other foot upon the 
Meridian upwards to O, which is the other point of the Zqui- 
nottials inter{e&ion in the Meridian oppoſite to the former ; 
and it ſtands to good reaſon, that as much as the EquinoQtial 
is below the Zenith, ſo much it ought to be above the Nadir: 
Theſe marks being et off, draw the Axis of the World BK, 
and the Xquinoftial G O. And becauſe ( as I faid before ) 
the outmoſt bounds of the Suns Declination is 23 deg. 30 min. 
(either to the Northwards or Southwards of the ZEquinoctial, 
which bounds are exprefſed by the Tropicks) take 23 deg. 
39 min. from your Scale of Chords, and fix your Compaſles 
at O in the Zquinoctial , and ſet it off on both fides to P and 
N, earry the ſame diſtance to G, and et it off in like manner 
from G to F and H, then drawFPand H N, which are the 
Tropicks: alſo draw the Ecliptick from F to N, which will 
fall through the Center. Always ſet the ſame diſtance from 
both Poles on both ſides upon the Meridian , and draw D C 
the Artick, and I L the Antartick Circles. And thus you 
may proje& a Sphere by a Plain Scale : The like for any 
other. 


Before I proceed to the Queſtions , it will be neceſſary to 
Sive you the meaning of things that will be ſpoke to. 


The Meaning of the Terms uſed in the following Work. 


'S He Latitude of any place is the Diſtance between the 
Zenith of that place, and the Aquinottial in degrees 
and minutes. 

The Elevation of the Pole 'is always equal to it, and is the 
Poles height above the Horizon in degrees and minutes. 

Altitude ſignifies the Height of a thing :' If it be meant 
of a Star, or of the Sun (not being ypon 'the Meridian ) it 
is 'meant the Diſtance between the Sun or Star and the Ho- 
rizon, 


H 2 Me- 
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Meridian Altitude is the Suns height above: the Horizon ,. 
when he is upon the Meridian of that place , which is at. 12. 
of the Clock ; or at any other time when a Star is upon. the: 
Meridian either North or South. | | 

The Suns true Amplitude of riſing or ſetting fgnifies the. 
number of degrees and minutes that the Sun rifeth from the Eaſt, , 
or ſets from the Weſt points of the. Compatls in. the Horizon, as 
if js found inthe Sphere. Le] 

The Suns true Azimuth of riſing or ſctting ſignifres the di- 
{ance (in degrees and minutes) of the Suns riſing or ſetting ( in 
the Horizon) from the North or South points in the.Compal;, 
as it 1s found in the Sphere. 

There is the true Amplitude of the Suns riſing and fet- 
ting , and the, Magnetical Amplitude ;, the Magnetical Am- 
plitude is the degree of the Compaſs that he is obſerved to 
riſe or ſet upon, and is Called Magnetical Amplitude from 
the Load-ſtone : The Magnetical Azimuth is Called fo for 
the ſame. reaſon, and is the Suns riſing from the South.. or 
North. | | 

Longitude-is the Eaſting or Weſting between two-places in 
degrees and minutes, if in failing. 

Departure from the Meridian is the Eaſting or Weſting. 
between two.placey in miles or leagues. . 

Latitude, as I haye ſaid, is the Diſtance of the Zqui... 
noQial from the' Zenith of that place in degrees and minutes , 
or the, Elevation of the. Pole; but Difference of Latitude - 
is the Northing or Southing that a Ship makes m any Di- 
ftance run , or between two places, either in degrees, leagues, 
or miles. _ RI | | "5 | 

Declination; (if it, be-meant by the Sun ,- or any Star that js - 
near the Aquinodtial ) is the neareſt diſtance between the Sun. 
ox Stax and the FEquinoctial. | | 

Stars that are nearer the Poles,. their Declination .arc- their! 

. neareſt Diſtance to the Poles. | | 

The Suns place.in. the Ecliptick is his neareſt, Diſtance from. 

the place where-> the Suns Parallel of Declination cuts, the, | 


Ecliptick to the next XquinoQtial point, which is Y.or 2. 


There - 
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There be ſeven Planets which I have here inſerted , with 
their Characters ugder their Names. | 


Saturn Fupiter ears Sol Venu Mercury Luna. 
Þ N. d O L. ', D 


I have noted already in pag. 3 of this Book, the quantity of 
degrees that make an hour in. time, of minutes that make an 
hour, the quantity of degrees-and minutes that are in a point 
of the Compals. and the like: if you want to know, look 
there. 

il now proceed to the Work of the Sphere in Plano, and I 
will handle no more than is neceſſary for our uſe in Navi- 

ation. 

: I had thoughts to have made -a Table of the hard Terms of 
Art uſed (which our vulgar Capacities do not ordinarily com- 

prehend ) with their meaning, but then I conſidered what my 

own Method would be; and fo I would not trouble mytelf with 

that at the Beginning of my Book : There are no intricate 

Terms uſed, but the meaning of them is commonly ſkewed in . 
the Beginning of the. Book. | 
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Latitude and Declination given , to find the things following in the | 
ſeveral Queſtions. | 


Latitude 50' deg. oo min. Northerly. 
Declination 1 3 deg. 15 min. Northerly. 


G 


Rule. All diſtances of the Sphere that you deſire to know, 
muſt be extended to the Arch of a great Circle, for by great Cir- 
cles is the Sphere meaſured. | 


Que- 
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| QuzsTiON |. | | 
To find the Meridian eAltitude of the Sun. 


| od this or any other Sphere, M GE is that part of the Hea- 
vens that is viſible , the other half inviſible to us}; for it is 
parted from our ſight by the Earth and Sea, and the furtheft 
part of it, which ſeerns to mix as it were with the Heavens, we 
call the Horizon , which is the great Circle ME ( for. it is a 
great Circle, though here we are forced to repreſent it by a 
ſtreight Line ) M is the South point of the Horizon : Now the 
Suns Meridian Altitude is his diſtance between that point and 
the place he cuts the Meridian that day, which is MI; fix your 
Compaſſes in M, and extend the other foot to I, and apply it 
to your Scale of Chords, and as many degrees as you find it 
there, ſo many degrees is the Sun high when he is upon the 
Meridian that day, which is the thing required. 

Note that at O the Sun riſeth, atPiris 6 of the Clock, and 
PI is equal to Y K (when it is extended to a great Circle ) and 
both the Sine of go deg. which is extended to a Chord, muſt be 
the Chord of as many degrees, which is 6 hours in time. The 
time between 6 a Clock and 12, which proves that MI is the 
Meridian Altitude of the Sun : and this mealuring any Diſtance 
from the Meridian is called The firſ# Way of Meaſuring. 


QuesT1oNn Tl. 
To find the Suxs eAmplitnde of Riſing and Settixg. 


Þ* one foot of your Compaſſes in the place of the Suns 
Riſing , which is O, -and extend the other foot to the 
Center of the Sphere (which is termed the Eaſt point of the 
Horizon ) and this Diſtance apply to your Line of Sines (if you 
have any ) but if you have no line of Sines, extend it to the 
Chord of the ſame Arch, thus: Fix your Compaſſes with that 
diſtance, one foot in the Meridian, ſo that the other may juſt 


{weep a line that gocth through the Center of the _— 
| then, 
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then, ſay I, the Arch between that foot of your Compaſſes 
that ſtands in the Circle , and-the place where this line you 
ſweep cuts the Circle, is the Chord of the-thing required., and 
will be the ſame number of degrees upon the line of Chords , 


. as OR would be ypen the line of Sines: and after this manner 


is the Chord of any diftance(taken from a line that goeth through 
the Center of the Sphere) found: and this is called -The ſecond 
Way of Meaſuring: | 

I find that the Sun riſeth 20 deg. 53 min. to the Northwards 
of the Eaſt (for ſhe hath North Declination , and the Latitude 
is Northerly) or ſets ſo much to the Northwards of the Welt, 


Qu: 


TT —_— 


©f Geometry. - Fr 
QuesT1oN IIT. 
To find the Suns Azimuth at ſix of theg Click, 


He Suns Azimuth at 6 of the Clock, is the neareſt diſtance 

between the Sunat 6 of the Clock, and the Eaft and Weſt 
Azimuth , which is Pz: Now if you mind it, Pz is taken off 
from a Circle, which is not ſo great as the. Horizon, and yet is 
parallel to it, as the line n w is paralicl tothe line ME; and 
as many degrees as the Sun is from the neareſt part of the Eaſt 
and Weſt Azimuth in the little Circle, fo many he is from it ( it- 
an Azimuth where drawn) in the great Circle, for P 7 is as many 
degrees in the little Circle, asnV is in the great one: Now 
becauſe your Scale is made by the grezt Circle, therefore ex- 
tend the diſtance taken from the leſſer Circle to the meaſure 
of the greater , which is done thus : 

Take half the length of the pricked line which is z w, and 
fixing one foot of your Compaſſes in the Center of the Sphere , 
deſcribe an Arch from ſome line that gocth through the Center 
of the Sphere, as the Arch M ln, then let the diſtance z P as a 
Sine upon that Arch (for it is a Sine upon that Arch as well as 
0 Y was a Sine upon the Meridian) I find the Sine of it is the 
Sine of the Arch I M, lay your Scale from the Center of the 
Sphere by l[, and draw the line 1 q then ſhall qM be the ſame 
quantity of degrees upon the great Circle, as | M is upon the 
little one: therefore take M q and apply it to the- Scale of 
Chords, and it anſwers your deſire. And thus is the: SuptAzi- 
muth at 6 of the Clock, P z found to be 8 deg. 36 117g. to the 
Northwards of the Eaſt, and this is called The third way of Mea- 
ſuring, to meaſure any diſtance from lor + doth not go 
through the Center (which muſt repreſent a4tvall Circle) And 
thus you may find the Suns Azimuth at any time of the day. 
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QuesSTIioON IV. 


To find the Suns height at ſix of the Clock. 


TH Sun isat Pat 6 of the Clock : fix one foot of your Com- 
paſſes in P, and extend the 6ther to ſweep the Hotizon , 
which is the ſame as though you let fall the Perpendicular P n, 
ſet it 6ff by The ſecond way of Meaſuring, as was ſhewed in Queſt. 
2. and apply it to your line of Chords; and the reafonis , be- 
cauſe P n repreſents a part of a great Circle, and fo is to be un- 
derſtood to be of the nature of thoſe lines that go- throngh the 
Center of the Sphere, for all Azimuths paſs through the Zenith 
and Nadir , whichare two oppoſite points. 
I find the Sun is 10deg. 5 mithigh at 6 of the Clock. 
G 


H - 
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| | QuEsST1ON V. 
To find the Suns height being due Eaſb or Wep. 


VV Here the Suns parallel of Declination cuts the Eaſt 
and Weſt Azimuth, is the place the Sun is in, when 
he is due Eaſt in the morning, for you ſee he is then over the 
point of Eaſt in the Horizon , which is Y (or the Center) there- 
{ore take the diſtance between that place and the Center (which 
is $ V)and apply it to the line of Sines; but if you have nolinc 
of Sines, extend it to a Chord after the manner of the ſecond 
Queſtion, which I call the The ſecond way of Teaſuring, for it is 
the diſtance of aline whick;goeth through the Center,  _ 
I find the Suns height being due Eaſt or Welt, is 17 deg. 28 m. 
Note, that the ſame height that the Sun is being over the Eaſt 
point, ſo high he is being over the Welt point in the afternoon. 


CQuEsST1ON VI. 
To find the Difference of eAſcenfion. 


He Difference of Aſcenſion, is the portion of time that is 
between the Suns Riſing and fix of the Clock : If the days 
be longer than thenights, the Sun riſeth before 6; but if ſhorter, 
after 6 ; but whether it be before or after 6 that he riſeth, ſo 
many hours and minutes as it is from 6, ſo mach is the half day 
or night longer or ſhorter than 6 hours, from whence it is evi- 
dent, that if the Sun riſeth due Eaſt, he riſeth at 6 of the Clock, 
and {ſo there is no Difference of Alcenſion, for he is then in the 
AXquinoCtial, which cuts the Horizon in the two oppoſite points 
of Eaſt and Weſt. 

In this Queſtion the Difference of Aſcenſion is O P, and is a 
diftance upon a line that goeth not through the Center, there- 
fore take half the length of the parallel I D, and proceed as you 
did in the third Queſtion, and after you have found it in degrees 
and minutes, convert it into hours and minutes of time, and {ct 
it down. 

I find it to be: here 16 deg. 18 mir. Which is 1 hour 5' To 
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By the Difference of Aſcenſion thus found, you may find the 
length of the day or night, the hour of Suns Riſing , or the hour 
of uns Setting. ps | 


Quszs 5s Tion VIL. 
' Foy the time of the Buns Riſing or Setting in this Example. 


Conſider as much as the Sun riſeth before 6, ſo much he ſets: 


after'6,: here he riſeth before 6 of the Clock 1 hour 5', ſub- 
tradt that from 6 hours, and you have the hour of the Suns Ri- 
ſing 4h. 55”: additto 6 hours, and you. have the time 'the Sun 
ſets 7 h. 5/.double that, and it is the length of the whole 


day, which is here 14 deg. 10 mir. Subtra&t the length of the | 
| >. 


on Oe PEI ET Sr wagons > mmImuun gs” 


DE Geometry, GI 


day from 24 hours, and it leaves the length of the night 9 h. 5c. 
I omitted the FraQions. 

But if the Sun riſeth after 6 of the Clock, and you have a de- 
ſire to find theſe things (as he doth when he is South Declina- 
tion) add the Difference of Aſcenſion to 6 hours, and it. gives 
the time of the Suns Riſing ;, ſubtrad it from 6, and it gives the 
time of Suns Setting ; and that doubled is the length of the whole 
day. Again, that. ſubtraged from 24.hours, is the length of 


the night.. | # 
QuzsTioNn VIIL 
To find the hour of the Suns being due Eaſt or Weſt. 


T> Sun is due Eaft (in this Example or any other) when he 
Soeth by the Eaſt point of the Horizon; or Weſt, when he 
goeth by the Weſt point. In this Example , the Suns parallel 
of Declination cuts the Eaſt and Weſt Azimuth in S, which is 
later in the morning than's of the Clock , by the diſtance SP: 
therefore ſee what SP is by. The third way of Meaſuring, and 
convert it into time, and add it to 6 hours, it ſhall.give the 
hour of the Suns being due Eaſt. 

F find it in this Example to be 6 h. 46'. | 

Subtra&t this from 1 2 hours, and it gives the time of the Suns 
being due Weſt that day : for as many hours and minutes as the 
Sun is due Eaſt before 12 of the Clock, ſo many hours and mi- 
nutes muſt it be due Weſt after. 12: According to this Exam- 
ple the Sun is due Weſt at 5 of the Clock 14 mm. 

If the Sun hath South Declination , he paſſeth the point of 
Eaſt before he riſeth, and is ſet as long before he comes to.the 
point of Weſt, (provided the Latitude be Northerly, as this is) 
but if the Latitude and Declinationbe both one way, the Sun is 
always up before he cometh-to the point.of Eaſt : and the work 
Is as I have ſhewed. 


Qu I- 
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QuesrTION IN. 
To find the time of Day breaking, and Twilight ending. 


| Bo is an antient Obſervation and concluded Opinion, That the 
A Sun makes ſome ſhew of Day when he is 195 degrees under 
the Horizon; therefore take 17 deg. fromyour Scale of Chords 
and ſet it from both ends of the Horizon downwards, and draw 
the line Tr, then fix your Compaſſes in r ( the place where the 
Suns parallel of Declination interſeas that line ) and extend 
them to 6 of the Clock; let it off by The third way of Meaſuring, 
and conyert it into time : Subtra& that from 6 of the Clock, 
and it gives the time of Day bteaking. | 

I find in this Example Day breaks at 3 of the Clock 6177. >*, 

Add it to 6 hours, and it gives the time of Twilight ending 
8 of the Clock; $5345. 

It may happet fo ſometimes, that it may be paſt 6 of the Clock 
before the Day breaks, in fuch a caſe you muſtacdld (in the mor. 
ning) for break of Day, and tubtra& for Night from 6 hours, 
which is the contrary : Thetfe things your own Reafon will give 
you, after you are uſed to it , which makes me forbear to give 
any mote reafons 'of it. 


Qutsrron XK, 
To find the Continnnnee of Twilight. 


T He Continuance of Twilight is the time between the Day 
4 breaking and Sun riſing, which is r 0; take it off by the 
hird way of Meafuring, and convert it into time, I find it to 
be 1 hear 48 min. B, | | | 


x 
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QuEs$ST10N XI. 


To find the Length of the longeſi Day in that Latitude. 


V \/ Te the Sun is neareſt the Zenith(in any Latitude)that 
day muft be the longeft : now in places near the Xqui- 
noctial, as between the Tropicks, there is but little difference 
all the year long; but in place; nearer the Poles, there is more. 
The Sun 1s neareſt the Zenith in this Latitude, when lee is it 
the Tropick of Cancer, ſo that then muſt be the longeſt Day. 
Imagine the Tripick of Cancer to be the parallel of the Suns 
Declination (as indced it is that day) take the diſtance between 
Y and R, which i between Suns Rifing and 6 of the Clock that 
day, and {et it off by the Third way of CHenſuring, the number 
of degrees and minutes convert into time, and add it to 6 hours, 
which makes the length of the Forenoon, and that doubled is 
the length of the whole day (as in 2xef. 7.) which is equal to 
the longeſt Night in that Latitude, 

I 6nd it here to be 16 hours 10 minutes, 

Subtract the length of this longeſt day from 24 h. 00 m7. 

And it leaves the length of the ſhorteſt night 5 h. 50 min. 

Equal towhich is the length of the ſhorteſt day 7 h. 50 mir. 

But you may meaſure the length of the ſhorteſt day, and ſuh- 
tra that from 24 hours, and it will be the length of the longeſt 
night, which is equal to the longeſt day. 

Now the ſhorteſt day is when the Sun is in the Tropick of 
Capricorn, for then it is lateſt before he riſeth : Now to mca- 
fure it, take thediſtance from 6 of the Clock, which is T, and 
the Suns Riſing which is U, and fet it off by the Third way of 
Meaſuring, convert the degrees into time , and ſnbtract that 
time from 6 hours, it [eaves the length of the Forenoon, which 
doubled is the length of the ſhorteſt day; (as in ,2zeſt. 7.) 1 
have ſpoke to that purpoſe. Ineed fay no more, that 7th-Queſtion 
1s light ſufficient. 


I might do an Example of what is before done, in a South 


Latitude, but Reaſon gives, that the ſame which the South Pole 
or 
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or Southern parts of the Heavens are depreſt in a Northern La- 
titude, theſame will the Northern parts of the Heavens be de- 
preft in a Latitude as far Southerly , fo that there will be no 
difference in the work at all : And indeed my deſire to be brief, 
makes me omit things that I think may be underſtood without 
treating of them. | 

Pll only touch-upon an Example in a Sphere which hath South 
Declination. | 


Latitude Northerly 50 deg. co min. Declination 13 deg. 15 min. 
Southerly. 


x 46 He Meridian Altitude of the Sun is his greateſt height for 
that day Hf, meaſured as before. The Suns Amplitude of 
Riſing and Setting is V Y, it is meaſured as before : But where- 
as before it-was to the Northwards of the Eaſt, now its to the 
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Sonthwards ; foraſmuch as A is the North partof the Horizon, 
Y the Eaſt point of the Horizon (A Y being 8 points or go deg.) 
and fo H is the South point : Now you ſee V is between the Eaſt 
Y, and the South H. 

Alſo, if you ſubtra& this Amplitude V Y from/Y H go deg. 
the remainder is the Suns Azimuth' from the South V H, or if 
youadd VY toY A (goadeg.) it is V A the Suns Azimuth of 
riſing from the North ; foraſmuch as V A is as much above 
90 deg. as V.H wants of it : The ſame is to be underſtood in 
any Sphere, that the Amplitude and Azimuth of the Sun are 
Complements one of an other , to 90 dex. in that Quarter. 

When the Suns Declination is Southerly ( in any Northern 
_ Latitude) the days are not fo long as the nights, fo that the Sun 

cannot be up at 6 of the Clock, which is at R; therefore the 
Suns Azimuth at 6 of the Clock is of no uſe. 

Neither is he up, when he paſſeth the Eaſt point of the 
Horizon , which is at P, ſo that you cannot take his height ; 
but you- may meaſure how far he is under the Horizon at 
either of thoſe times, or you may find his true Azimuth ar 
6, which is of no value to us that are Seamen, becauſe we 
cannot have a Magnetical Azimuth ; they are meaſured as 
before. | 

The Difference of Aſcenſion is here after 6 of the Clock, 
as much as it was before 6, in the laſt Example: And the rea- 
fon is, becauſe the Latitude is the ſame, and the Declination 


of the Sun is juſt as far Southerly, as before it was Northerly, - 


{o that the Sun will now be juſt as long before he riſeth after 6, 
as before he roſe ſooner: it is V R, take it off by the third way 
of Meaſuring, as you did before, and ſet it down; I find it to 
be 1 hour 5 min. 7+, it ſerves for the ſame uſes that it did in 
the other Example. 

For the length of the day, ſubtra&t the Difference of Al- 
cenſion V R, from 6 hours, whichis R f, and the remainder 
is f V, the length of the Forenoon, which doubled is the length 
of the whole day ; that ſubtrated from 24 hours is the length 
of the night. 

For the hour of the Suns being due Eaſt, it is P R, which is 


from the place where the Sun cuts the Eaſt and Weſt Azimuth 
KR to 
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to 6 of the Clock , and ſet it of by the third way of Meaſuring, . 
convert your degrees and minutes into. time, and ſybtra& that. 


time from 6 hours, and it gives the due.time of the Morning | 
that the Sun cuts the Eaſt point of the Compaſs; the reaſon why - 
you ſubtra& is, becauſe the Sun is dye Eaſt fo long before 6 of 
the Clock. 
Subtra& the hour of the Suns-being due Eaſt from 12 hovrs, . 
and it will give the true tine of. the Suns being due Weſt. 
For the time'of day breaking, draiy the line 17 ©, parallel to . 
the Horizon, and 1 7 deg. urider it, as was ſhewed before, and mea. 
ſure from P to R,. that is, from the place where the Suns Paral- 
lel of Declination cuts thit Circle of 17 zeg. (under'the Hori- 
zon) to 6. of. the Clock, convert it into time, and ſubtra& tit 
from 6 - of. the Clock , and it leaves the, time of Day breaking, . 
namely , the time 'in_ the morning that the Sun is in P; you, 
ſubtrad, becaufe the day-breaks fo long before-6 of. the Clock : - 
If it where fb that the Sun were in the Tropick of Capricorn, you 
muſttake the Diſtance Sq. Youſee the Sun is paſt the hour of . 
6 before it is break of day; now in this cafe you muſt add, 
whereas before you ſubtraRed. | 
For the cohtinuance of Twilight, it is meaſured as before, 
from the place, where the Parallel of the Suns Declination cuts 
the Circle of 17 deg. tothe place where 'it cuts the Horizon; 
convert it into'time, ahd ſet it dow... In this Example it is Þ V. 
What I have not mentioned here, I have given ſufficient in-. 
ftcuſtions about in the other Example before this. 


Tatiinde 5 1.deg..30 min. Nertherly, Declination 1 1 deg. 10 rin. . 
Northerly, I demand the Suns place and right Aſcenſion. 


Rei we can find. the.Suns place in the. Ecliptick, you are - 
ID to confiderthar theEcliptick is divided into-1 2 equal parts, | 
by the 12 Signs; fix of theſe Signs divide'that half of the Eclip- 
tick, which is to the Netthivards 6f the Equinodtial, and are 
called Northern Signs; 'dnd'the other 6 divide the half that 'is . 
to.the Southwaads of the XquinoRial, and are called Southern -. 
Signs, as Ihave'ſet thein down in this Book before, with their .- 
Natnes ' and Months to theix' CharaRers , 'and 'haye _ the .. 
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*Narthern Signs by them ſelves, and the Southern Signs by them- 
. ſelves. 
It is plain then that theſe Signs muſt be -of an equal Diſtance 
- one from the other round about ; and becauſe 12 times 30 is 
360, the Signs muſt ſtand . 3o deg. alunder, and that will juft 
do it: Now in this plain Body , half the Ecliptick is repreſent- 
ed by aſtreight line that goes through the Center of the Sphere. 
The line-of Signs is taken. off, ſo that 9o deg. is but-Y'S z, there- 


fore by a line of Sines you may take firſt 30 dey. and fix one 

foot of your Compaſſes in Y! (the Center) and with the other 

deſcribe & X, and their oppoſite Signs mM ; then take 60 

degrees for 1, and their v_ : Thentake go deg. which 
2 


reach 
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reach to the Circumference Sw, which is (from the Center) 
thus fet off by a line of Sines; but if you have none but a line 
of Chords, you muſt take the Chord of 3o from your Scafe 
firſt, and leffen it to a Sine thus, Fix one foot of your Com- 
paſſ-s in the Meridian where the other foot :( with that- 
iiftance) may {weep a line that gocth 'through the Center, as 
Rt; keep your Foot in R; and extend your Compaſſes to U, 
and to you have R U the Chord of. the Sine R t, apply it-to- 
your line of Chor:s, and you have your deſire. 

_ Thisplain Superficies can ſhew but one part of the Globous 
Body, but you mult know it is round, which makes the Ecliptick 
to be divided ;, on both ſides from V to & is go deg. from & to= 
is 90 deg. from = to W is 92 deg. and from vw to V is 9o deg. 
every one of theſe quarters containing 3 Signs. 


The Ecliptick being thus divided into Signs;, we may find the Suns 
place, and right Aſcenſion. 


| Hom Suns place in the Ecliptick is the neareſt Diſtance 
between the next Xquinodtial point, and the Sun in the 
Ecliptick , ( by Zquinoctial points is meant V* and =, the 
two points of interſection that the Equinocial and the Ecliptick 
make) Now, in this caſe, the Sun muſt be neareſt the Equinoctial 
point at Y,, becauſe the Month is belonging to a Sign nearer Y 
tnan ==, 

Therefore, fix your Compaſſes in the point of V, and extend 
the other foot to the Sun in the Ecliptick, which is I, and apply 
it to the line of Sines; or if you have no line of Sines, convert 
!t toe Chord ( by the ſecond way of Meafuring) and as many 
degrees as it is, ſo far is the Sun diſtant from the neareſt Xqui- 
nottial point ; if it exceed 30 deg. the Sun muſt be in that de- 
gree of & that tsabove 30 deg. if it exceed 60 deg. the Sun muſt 
be in that degree of 17 above 60; but here I find it in leſs than 
30, namely, 29 deg. 3 mn. therefore I conctude the Sun is in 
20 deg. 3 min. of Y. | | 

But ftuppoſe it were time of year that:the Sun were return- 
mg from the Trepick towards the Xquino&tial , and were the 
Kme Declination, then would the Suns-place be the ſame from. 
Fey SE | entring 
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entring into =, that it now is in Y, namely, in 57 mi. of ny, 
which wants 29 deg. 3 min. of entring into =. Thus much for 
the Suns place. 

The Suns right Aſcenſion is meaſured from the place where 
the Suns parallel of Declination cuts the Ecliptick to 6 of the 
Clock, which is I 6; {ct it off by the third way of Me:lurings 
to extend it to a Great Circle : for the Sine of I 6 is cqual 
to the Sine of S Y; when you have meaſured it, convert it into 
time, and ſet it doin; I find it to be 1 hour 44 mz, 


The Meridian Alticude of the Sun being given, 
and the Latitude , to find the Suns Decli- 
nation, as alſo all the other things before 


found. 


Latitude 51 deg. Northerly, Meridian «Altitude 52. deg. 30 


min. 1 demaid the Suns 'Declination , or any other thing that 


found before. 


OR the doing of this, proje& your Sphere (as before | | 

was ſhewed) that done, I conſider the Meridian Alti- iq 
tude of the Sun is given to be 52 deg. 3o min. I will take " 
52 deg. 30 min. from the Scale of Chords, and fix one foot 4.81 
of my Compaſſes in the South point of the Horizon at A, 
and extend the other foot upwards upon the Meridian , which 
falls at B; then 1 conclude the Sun is upon the Meridian, in the 
point B: Take the Diſtance between B and the Xquinoctial , 
which is BC, and apply it to the Scale of Chords, and fo much 
as it is, fo much is the Declination of the Sun ;.. and you ſee it 
is Nortkerly, for the Sun is to the Northwards of the Aquinoctial. 
if you have a defire to find any thing elſe in this Sphere, draw 
the Parallel of the Suns Declination (thus found ) and work 
with it as before in other Examples ; alto draw the Ecliptick 


and Tropick. 
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Many other things might be done , but for Brevities ſake 
IT omit them, judging this to be as much as we haye occaſion 
for in Navigation , which is the thing I aim at. If I have 
committed a fault in being too tedious in theſe things, pardon 
me, and remember it was my Beginnings; riper years (which 
may bring more ability, it is probable) will bring forth fome- 
thing more new and admirable. Be charitable. 


Terms of eArt uſed in Navigation. 


Altitude (as I have cited before) is the Diſtance between 

the XquinoRial and the Zenith ; what is meant by Lon- 
gitnde and Difference of Latitude, I have ſhewed before ; alſo 
the difference between Longitude and: Departure from the Xderi- 


dian, in this Book before. 
Now 


| 


% 
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Now in every Diſtance that is ſailed upon any Courſe that 
makes an Angle from the Meridian, either of North or South, 
or the Parallels of Eaſt and Weſt, that is to ſay, any Diſtance 
that is ſailed upon a point that is between thoſe Courſes; we 
have theſe things conſiderable , namely, The Diſtance run , 
(which muſt be the longeſt ſide) the Difference of Latitude , | Ut 
and Difference of Longitude, or Departure from the Meridian, Fl 
and the Courſe; the Courſe is the Point of the Compaſs or | 


Rumb you ſteer on. 
A Dead Reckoning is when a man cannot obſerve, but is for- 


ced to judge of the Courſe and Diſtance, to find the Differ- i; 
eace of Latitude and Departure. It 
A Reckoning is an Account of the Difference of Latirude and k i 
Departure from the Meridian, that is made in the time a Ship | jþ 
hath been out. Hi 
Read Tay. for Tangent, Sine com. for Sine Complement , , With 
T an. com. for Tangent Complement, comp arith. for Complement [vig! 
Arithmetical. . i 
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PROPOSITIONS of SAILING 
BY - 1ME3s 


PLAIN SCALE 


Difference of Latitude and Courſe given, to 
find the Diſtance run, and the Departure 
from the Meridian. 


QuEsTI1oN IL. 


eAamit I ſet from the Lizard, lying in the Latitude of 5o deg. and 
fail SW bW, till I alter my Latitude 1 degree or 60 mules: I 
demand my Diſtance run, and Departure from the Meridian. 


N this Queſtion we have the Courſe 5 points from the Me- 
ridian towards the Weſt, which is 5 times 11 deg. 15 mer. 
or 56 deg. 15 min. for 5 times 15 min. is 75 min. Or 1 deg. 
15min.and 5 times 11 deg. is 55 deg. to whichadd the 1 deg. 

and 15 mir.and the whole is 56 deg. 15 min. 

To protract this Qyeſtion or any other of this nature, I wiſh 
you to obſerve the end of your Book, that lies from you to be the 
North part of your Book, then that to the right hand will be the 
Eaſt part,that to the left hand the Weſt, and that right to you the 
South part : The Reaſon why I wifh you to obſerve this Method, 
is, that ſo in any Travis you may ſet every Angle the right way, 


which muſt be obſerved then, and is good to be always uſed. — 
*1r 


CE CE. WV 
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Firſt draw the South line B D, let B be the Z:zard, then ſet 
off fremB 60 miles upon the South line (taking it from:a Scale 
of equal parts) which is your Southing BD. Foraſiuch then 
as BD is the Difference of Latitude that I have made fince 1 
{et from B, D muſt ſtand in the parallel that I am in; and be- 
cauſe I have ſailed to the Weſtwards of the Meridian D B, I 


will raife a Perpendicular which is a Weſt line from D, and 
draw it at _ which is DA. This done, take an Arch 
of 60 deg. from your Scale of Chords, and (making the place 
you ſet from, the Center) deſcribe the Arch DO, and upon it 
ſet off 56 deg. 15 min. which is DO 5 points; then by B and 
O draw the fine BO, till it interſe& the line AD, which it 
doth in A: Now Foraſmuch as D A is parallel in the Latitude 
the Ship was in after her failing, and DBA an Angle of the 
Courſe from the Meridian, B A muſt interſe& the Weſt line 
in the place where the Ship is; then the Diſtance run is BA, 
and the Departure from the Meridian. is D A, which take off 
ſeverally , andapply to the Scale of equal yores and ſet down 
what they come to: Here I find them y olloweth : 

| c 
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The Diſfanceruns is B A 108 miles. 

The Departure from the Meridian is ogo miles. 

But beſides this Geometrical way of reſolving Triangles, 
there is an exacter way by the Tables of Sines, Tangents, and 
Logarithms , which isdone thus , 


eA General Rule. 


Noe that in all right lined Triangles the Sine of every Angle is 
proportional to its oppoſue ſide, or every ſide is proportional to the 
Sine of its oppoſite Angle. 

The greateſt ſide will have the greateſt Angle oppoſite to it, 
the laſt ſide will have the leaſt Angle oppoſite to it : As here 
in this Queſtion, AB is the longeſt ſide, and oppoſite to it is 
the right Angle BD A, which is the greateſt Angle, A D is the 
next, and hath ABD to it, DB is the leaſt ſide, and hath DAB 
for its oppoſite Angle, which is the leaſt Angle. Now as the Sine 
of A is to BD, ſo is the Sinc of D to A B, or the Sine of B to 
AD, and the contrary. 


To find the Diſtance run. 


eAs Sine com. B 56 deg. 15 min. comp. arith. 0,2 F526- 


To BD 6o min. 77815 
So 1s Radims or Sine D go deg. | 
To A B 108 miles 203 34k 


If Radius benot in the firſt place , you nuſt take the Comple- 
ment arithmetical of the firſt number, as here I have done; 
but if Radius be in the firſt place, take no Complement arith- 
metical at all: The Complement arithmetical of a number is 
what every ſingle figure wants of 9, take them in their due 
places, as here the Sine in the Tables anſwering to A 33 deg. 
45 min, (which is the Sine Complement of B 56 deg. 15 min.) 
is 9,74473, whereas I have ſet it down 0,25526, now if you 
compare them, the number that I have taken is what the figures 


inthe other want of 9, as 9 wants ©, and 7 wants 2, and 4 
wants 


$ > 
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wants 5, and ſo forward; after the Completnent arithmetical 
of the firſt number is taken , take the others as they be in the 
Tables, and add them together, caſting away Radius always , 
and look for what comes out, either in the Sines, Tangents, or 
Logarithms, according as the order requires into which the pro 
portion runs. You ſee here 1 took no notice of Radius, which is 
a caſting of him away: in like manner if the things added up 
come to above Radius, always caſt Radius away, and ſet down 
what is above Radius; as here the laſt came out to be 11, and 
I caſt away the 10, and ſet down 1. 


For the Departure from the Meridian. 


eA's Sine comp. B 56 deg. I5 min. comp, arith, 025526 


Is to BD 60 miles 1977515 
Fo is Sine Bg6 deg. 15 mim. : 9,91934 
To AD almoſt go miles 1,95325 


But I have been often asked by them that I have learned, why 
I contradict the Rule, which ſaith, that the Sine of every Angle 
is proportional to its oppoſite ſide or the contrary. Now here 
you ſay, as Sine compl. B to BD, either you are falſe, or elſe 
the Sine comp. of -B is the Sine of A, for A is the Angle oppo- 
fire to B D, whole Sine the Rule orders you to take. | 

| anſwer that A is the Complement of B, for this is certain , 
that the three Angles of any right lined Triangle conſiſts of a 
Semicircle or 180 deg. and neither more nor lefs : Now if it 
be fo, BAD and DB A muſt together be but go deg. becauſe 
BDA is 90 deg. it ſelf; then if B is 56 deg. 15 min. the 
Sine comp. of it muſt be the Sine of 33 deg. 45 min. which is 
the Sine of A, oppoſite to BD. 

But you will ask how you ſhould know that the three Angles 
of a right lined Triangle is but 180 deg. Pray mind this De- 
monſtration. 

In the right angled Triangle ABC, the Angle that is con- 
tained between the Perpendicular and the Baſe ( which is A B 


. and BC) is always' a right Angle, or " deg. © min, or 8 points 
2 of 


= —— AS aro ne tle dE —__— i 
> een ee Sree 


796 . P2opolitions of Dailing 
of the Compaſs, which is B: 
Now I ſay, that the other two 
A and C are juſt go aeg. toge- 
ther , which makes all three 
twice go deg. For your better 
{atisfa&tion meaſuring the Angles _ 
thus : 

Set your Compaſs at any 
convenient diſtance, and from 
every angular point as a Cen- 
ter, deſcribe an Arch, as IO, Un, and 1D; now I'Dis an 
Arch of go deg. o. mir. becauſe it is included between tio. 


{ides that are perpendicular one to the other ; then Unand fO- 


rogether are equal to I D; meaſure them, and ſet them upon the 
Arch1ID, and they will be-equal to it. From hence then it is 
evident, that { O and U n, or the two Angles beſide the right 
Angle of any right angled Triangle, are Complements one of 
the other to 90 deg. or that the three Angles of any right lined: 
Triangle are 180 deg. or two right Angles or a Semicircle, 


Courſe and Difference of Longitude in miles. 
given, to find the Difference of Latitude: 
and Diſtance. 


QuesT10N TI. 


2Aamit I ſet from the Lizard, lying in the Latitude of 50 deg. 
and ſail SW b W, till I depart from my Meridian go miles : I 
demand my Difference of Latitnde and Diſtance-ynn. 


* he A repreſent the place your Ship is in; after ſhe hath ſailed; 
I from whence draw the Eaſt line A D, then take go miles. 
from your Scale of equal parts, and ſet off upon that:-line-from. 
A, which falls at D. | 
From D raiſe aPerpendicular or Noerth'line which is DB : 
- Now, foraſrauch as it is ſaid , that the Ship failed SW mo 
f which. 


| 
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77 
which is 5 points from the South towards the Weſt backwards, 


thatis NEbE, 5 points from the North towards the Eaſt, or 
3 points from the Eaſt towards the North. I will take an Arch 
of 60 deg. from my Scale of Chords, and from A as a Center 
Pll deſcribe the Arch O N, and from N I'll fet 3 points upon 
that Arch which reacheth to O, and by A and O, I will draw 


B- 


P. \ | 


af N D 


the line AB till it cut the North and South line in B; then is 


BD the Difference of Latitude,. and: AB the Diſtance run; 
which-meafure and fet down. 


The Difference of Latitude is 60 miles. 
The Diſtance run is 108 miles. 


By the Tables. For the Diſtance run. 


eAs Sine comp. A 33 deg. 45min. comp. arith, o,o8015 
To AD go miles 1995424 
So 1s Rodins 


To AB almoſh 108 miles 


2503439 
For 
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For -the Difference of Latitude. 


eAs Radins to the Diſtance run 108 AB 2,03342 
So ts Sine comp. the Courſe 56 deg. 15 min, B 9474473 
To the Difference of Latitude DB 60 miles 1,77815 


 Hereto find the Diſtanee run, I made uſe of the things that 
were given me, but for brevities ſake that I might ſhew the 
taking of a Complement arithmetical, I uſed Radius with the 
Diſtance before found, to find the Difference of Latitude. 

But if you would not do ſo, then the things given will do 
as well, and the Proportion holds thus. 


eA's Sine comp. A (which is Sine B) is to A D ſo is Sine A to BD. 


Courle and Diſtance run given, to find the 
Difference of Latitude and Departure from 
the Meridian. 


QuesTt1ionN III. 


eAdmit I ſet from the Latitude of 50 deg. o min. avd ſail NE bN 
103 miles: I demand the Difference of Latitude and Departure 
from the Meridian, 


Et AD be a Meridianline, A the Latitude of the Lizard , 
DAB the Angle of the Courſe, ſet off by the Arch of 
60 deg. NOT (NO being 3 points) AB alinedrawn from the 
Latitude of the Lizard A by O, and the Diſtance that the Ship 
hath failed ſet upon it, and no more, namely, 108 miles; then 
[ conch that the Ship is at B, from B let fall the Perpendicular 
BD, which cuts the Meridian in D, and leaves D A for the 
Difference of Latitude, and is it ſelf the Departure from the 
Meridian meaſure them as you have been ſhewed before, and 
apply thei... 
Diference of Latitude D A ge miles. 
Departure DB-60 miles. 


By 
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By Proportion. 


I have two things given beſides the right Angle, namely, the 
fide A B 108 miles, and the Angle BAD 33 deg. 45 mir. there- 
fore to find the Difference of Latitude A D. 


eAs Radius 


To the Diſtance run 103 miles B A 2,03342 
So is Sine comp. A. 33 deg. 45 min. 9,91984 
To AD the Difference of Latitude 90 miles 1,95 326 


Foy 
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For the Departure from the Meridian. 


eAs Radins | | 
To the Diſtance run 108 miles B A 2503342 7 
So us Sine A 33 deg. 45 min, 9374473 


ToDB rhe Departure fromthe Meridian-60 miles 1,77815 


In your putting things in proportion, follow theſe dire&ions ; 
always put the required thing in the laſt place, and the things 
you know, make ule of, and put in proportion to find the things 
you know not. | 

"If it be a Side you are to find, begin with an Angle; if it 
be an Angle, begin with a Side 

Here it was a Side that was to be found (in both theſe Propor- 
tions) you ſee I began with an Angle, that I knew which was 
Radius; but you may ask why I did not begin with the given 
Angle at A or B as well, I anſwer, becauſe neither of the things 
_—_ to them were given, ſo that I could not proceed, if 
I had. | 


Diſtance run and Difference of Latitude given, 
co find the Courſe aud Departure from the 
Meridian. 


Quztsr1on IV. 


eAamit 1 ſet from the Latitude of the Lizard 5odeg. o min. and | 
ſail upon ſome point between the North and the Weſt 108 miles, 
till I alter my Latitude 1 deg. 30 min. or 90 miles : I demand 
the Departure from the Meridian and Courſe. 


FE draw the North and South line AD at length : Let A 
be the place in the Latitude of 5o deg. take the Difference 
of Latitude go miles from the Scale of equal parts, and ſet it off 


North from A, which falls at D: Now becauſe D is as far " 
tne 
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the Northwards of A, as the Difference of Latitude which 
you made from A is, therefore if you draw the Weft line D B 
at Tength , it muſt cut through the place where the Ship is: I 
look upon the Queſtion again, and I find that the Diſtance 
run ſince the Ship fet out is 108 miles; take 103 miles from 
the Scale of equal parts; and becauſe the Ship fet from A, 
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fix one foot in A, and where. the other foot interſe&s, or cuts 
the parallcl that the Ship is in DB, there the Ship muſt be ; 
and thus if her Difference of Latitude be A D go, and her Di- 
ſtaace run A B 108 miles, BD TL and _ 

c 
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the meaſureof the Courſe from the Meridian of Northwefterly, 
or.the Angle DAB. tA 1 

_ [Take the Difference of Longitude D B,, and apply it to your 
Scale as before. IS mot fiat | 
Take ON the meaſure of the Angle of the Couric, and apply 
it to the Scale of Chords (if you are minded to fee her Courſe 
from the Meridian in degrees and. minutes) to the points of the — 
Compals, if you deſire to know it 1n points. 

Note that A is the Center of the Arch O n 60 deg. It is plain, - 
that if an Arch of 60 deg. deſcribed , and any number of points 
or degrees that is ſet upon it, be an Angle of thoſe points ſet | 
down (as it hath been in every Example before) then whatſoever £ 
you take from an Arch of 69 deg. ts fit to apply to the Scale. 

I find the Courſe to be North 33 deg. 45 min. Weſterly, or 
N W bN. I find the Departure from the Meridian to be 60 ml, 


By the Tables. 


Here have given the Diſtance run AB, and the right Angle 
oppoſite to it, and the Difference of Latitude A D, whereby I | | 
may find the Angle oppoſite to it B, or the Complement of it ,. (' 
which is A, the Angle of the Courſe. 


For the Courſe. 


es the Diffaice run AB 108 miles comp. arith. 7,966576 
Is to Radius | 
.So xs the Difference of Latitude A D go miles F,954242 


To the Courſe or Rumb Sine comp. B33d. 33 M- 9,92Q818 


For the Departure. 


»#1s Radins 
To the Diſtance run AB 108 miles 2,0334237 


' ToDB the Diff of Longs. here foundjo be Gomiles 17758853 
Cn; HAS I {1 od Big T6 i336 it AA 10 1 ga 
BD AE TFai's 2d at bot 16 093 gh 
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You may ask the reaſon-why the Courſe is not 33 dep. 45 mir. 
as it was firſt given to be: I anſwer, becauſe of the part of an 
unice, that the Difference of Latitude was {ct down. more than 
it ſhould be; for if you obſerve, I ſaid it was almoſt go nuiles , 
when I found it before: Now the error is not worth minding 
in Sailing , for the Ditierence that the Fraction cauſeth is but 
12.917, of a degree of a point of the Compals, which is no more 
than the 56" part of a point. l 

If you mind, I have worked the Courſe thus found, and it 
doth not alter the Difference of Longitude or Departure (which 
ſhould be 60 miles, if 1 had workec to the leaſt Fraction) for 
the Logarithm here is neareſt to the Logarithm of 60 in the 
Tables: Indeed I worked on purpole thus, becaule thole that 
I have taught, when they could not find it come out right as 
the other was, could not tell where the fault lay ; now this will 
dire& them to know that ſome part of a unite miſling in the find- 
ing of the Sides, may make ſome minutes Difference in the 
Courſe : But now, here in the following Examples we will work 
to a Fraction, namely, to the 10th. or 100th. part of a unite, 
(in the ſides) to ſhew how it is done ; though in Sailing if you 
work to half anunite , it is near enough, or for any ordinary 
ules (and that the Tables give) and moſt commonly to lels. 


Departure from the Meridian and Diſtance 
 rungiven, to find the Courle and Difference 
of Latitude. 


QUuESTION V. 


eAdmit the Departure from the Meridian were the ſame that the 
Difference of Latitude was in the firſs Lueſtion 60 miles, the 
Diſtance run alſo 108 miles : I demand the Courſe and 
Difference of Latitude, let the Latitude you ſet from be 50 deg. 


Ere the Courſe from the Meridian will be the Complement 

of the Courſe there, and the Difference of Latitude-will 

be the Difference of Longitude, or Departure from the Meridian 
there. M 2 But 


| | 
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But inftead of raking the Logarithm anſwering to the number 
here, take the Logarithm antwering to ten times the number, 
and {> you ſhall always have your fides come out to the tenth 
part of a unite; I fay it will come out in tenths, for you muft 
divide by 10, to bring it into miles after it is done. ; 


Now inſtead of multiplying your given ſides by 10, do but 
ſet Cipher tore to the number and it is done, as now for 60 
ſet down 600, which is ten times 60; for 108 ſet down 1989,, 
which is ren times 108; andthus for any number that will be 
comprehended in the Radius of the Tables. 


Proportion for the Come = 
eA's Diſffante run given B A 1080 tenths comp. arith, 86,9665 762 


Is to Radins, 
So is the Deparmre from the Meridian 600 tenths DB 2,7781512 


Ts tne Sine of the Courſe A 33 deg. 45 min: 997447274 


For the "Difference of Taitimnde.. 
eTs Radin 
To the Diſtance run 1080 tenths B A 3,0334327 
So 1s the Sine comp. of A 33. de. 45 m. | 9,9 198 464- 


Torhe Diff. of Latinede in tenths D A Byg tenths 2,9533708 


Divide theſe tens by 1 ©, and it gives the miles con- 8 g8 (8g. 
tained in the fide DA the Difference of Latitude, x.x& 
which ts 89 miles 8 tenths of a mile, whereas before : 
i wes go Miles, whis is 2 tenths of amile more : Now when 
you have the fides thus found in tenchs or Centilms;, work for 
the Angles, and you will nd them to-:come'out roundly alike : 
Batif you defire more cxaftnels, work then ih Ventilms, pro- 
vided, that the numbers in Centifms do not out-run the Tables. 

A Cemviſmis the kondredeh:part of an unuc, er of any vos 5, 
and if 1 woald pot the aumber 60 into Ceatiſms, 4 will let 


two Ciphers behind ut, and it is the fame as bofore; | malts- 
pro | 


—— 
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Hed 60 by 100, for it is 60c0, the [xc is to be underſtood of any 
other mamber. 

1 would work to the nearcit FraQtion for the Angles here, 
but I conceive it to be no way beneficial, and therefore 14 refer 
it to the work of the Sphere, where it ts of nuch more ule; 
this finds the Angles to a minute, which is near enough. 

It is like that ſome will be ſo curious, that this way of finiing 
things to the tenth or hundredth part of unit will not ſuthce 
them, but they would have.the real number anſwering to the 
Logarithm to the 1000" part of a unite; becauſe I fin it of 
no real conſideration or ule in Navigation, I omit that here, 
and deſire {ach to look in Book 1. Page 11, of my Fathers Tri- 
gonometry, and there it is plainly ſhewed, 


By the Plain Scale. 


This Queſtion differs nothing from the other in its operation , 
only as you work in the other from a North and South line, here 
you work from an Eaft and Weft line ; The work is this. 

Firſt; draw an Eaſt and Weſt line, and from the weſt end of 
it, ſet off your Departure from the Meridian, which is from 
P'to B 60 miles; from D raiſe the Perpendicular D A ( which 
is a North and South line) and draw it at length ; then take the 
Diſtance run 108. miles, and fix one foot of your Compaſſes in 
B, with the other cut the Meridian line D'A, which it doth in 
A. Drawthe ſide A B : then is Bthe place your Ship is at after 
her Sailing, A is the place of her tetting out, A D tis the Dif- 
ference of Latitude and N Of ts an Arch of 60 deg. from the 
Angle DAB (asa Center) the meaſure of NO is the Courte ,, 
and is performed as beforc in the laſt Example; and alſo of the 
Difference of Latitude as in other Examples. 

The Difference of Latitude is D B go miles. 

The Courſe is North 33 deg. 45 min. Eaſterly, D AB or NO.. 

The Plain Scale of equal parts will not refolve to the leaſt Fra- 
&1on as the Tables will now to-a tenth part of a mile, I confeſs 
a good Diagonal Scale will produce things to a ſmall Fra&ion. 

if you would know what Latitude you are in, divide go by 
60, and the Quotient will be degrees, namely, 1 deg. the Re- 
| SNINGEF: 


L 


$6 Popolitions of Datling 
mainder minutes, namely go mi. Now becauſe your Latitude 
was Northerly , and you have = to the Northwards, you 
have increaſed it. 1 deg. 30 min. 1o that you muſt add the Dif- 
ference of Latitude'to 5o deg. and it makes 51 deg. 30 min, if 
you have gone ta the Southwards, you mult have ſubtraQed. 


Ki 


Difference 


by the Plain Dcale, > 


Difference of Latitude and Departure from the 
Meridian given, to find the Courſe and 


Diſtance run 


QuEtsSTION VI. 


eAdamit the Departure from the Meridian of the Lizard that I make 

* be $g miles 8 tenths of a mile, and T am in the Latitude of 5 1 deg. 
omin, 1 demand how the Lizard bears off me, and what diſtance 

I am from it, provided that I ſail between the North and the Weſt. 


Irſt, draw a North and South line, and upon it ſet off the 
43 Difference of Latitude , which is DB 60 miles; then 
from the Northermoft part of your Difference of Latitude , 
which is D, raife a Perpendicular, Eaſt and. Weſt line, and 
ſet off your Departure from the Meridian upon it, from D, 
which falls at A: Then from A draw A B, for the Diſtance 
run ; and becauſe B'is the place you ſet from, let it: be the Cen- 
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$$ Propolitrons of. Dailing 
ter of the Arch of 60 deg. { O D, on which the meaſure of the 
Courſe is O D;,, which muft be me:tured, as you have been 
ſhewed, andaltfo the Diſtance run AB. 

The Courſe [ find to be NW bh W. 

The Diſtance run 108 miles. 


By Propoſitzon. 
The Rule that we have uſed for reſolving all the Queſtions 


hitherto laid down was this, 

T hat the Sine of every Angle ts proportional to its oppoſite Side, or 
every Side us proportional to the Sine of its oppoſite Angle : and this 
ſerved where you had oppoſite things given, but here you have 
two ſides, anian Angle between them given, ſo that you have 
nothing oppoſite to any of them, theretore that general Rule 
is of no value here in this caſe; this is a general Rule for this 
caſe, That, As the Sum of the two given Sides is to their Dif- 
ference; So is the Tangent of the half Sum oppofite Angles, 
To the Tangent of the Difference of either of them: That is, 
as the Sum of D B and D A together, is to their Difference, Sy 
is the Tangent of the halfof A and B, to the Tangent of their 
Difference. Which Angle added to the half Sum makes the 
sreateſt, or ſubtracted from the half Sum it makes the leaſt 
Angle. But this Rule though it be rare and true, yet in right 
angled Triangles we have a briefer way, which we will uſe, 
and leave this till we come to Oblique Triangles, as a place fitter 
for it: Ionly named it here, becar'® I would give notice that 
my Father in ſaying all, he means -* , for he ſaith (Axiom 3. 
Book 1.) All plain Triangles, &c. The reafon why this Rule is 
not ſo good here,is this, if you ſubtra& the Right Angle which 
is here always known from 180 deg. the Remainder is go deg. 
the Sum of the unknown Angles together, the half of which is 
45 deg. now 45 deg. is the Radius of a Tangent, which is in- 
different whether you take it or no, for it muſt be caſt away in 
your work : and therefore if you only take the Logarithm an- 
ſwering to the Sum of the two Sides comp. arith. and the Loga- 
rithm-of the Difference of them and add them together , they 
will produce this Angle of the Difference,which added to 45 deg. 

is 


— — 
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- by the Plain Dcale. 2g 


is the greater or ſubtraRed is the leſſer ; but which is better, 
ou may do it with leſs trouble this way. Say for the Courſe, 
eAs the Difference of Latitude 60 miles comp. arith. 
Is to Radius 
So 15 the Departure from the Meridian A D 3g 8 tenths 
To the Tangent of the Courſe AB. 
Or, Az the Departure is to Radius; So is the Difference of 
Latitude to Tangent Complement of the Courſe, Tangent A. 
We will work it in tenths. 
eA's Diff. of Latitude 600 tenths BD comp, arith. 5,2218487 
Is to Radius 
So is the Departure 898 tenths AD 2,9532763 


To the Tang. of the Courſe, Tan. B 560d. 15m. 10,1751250 

Now the Angle comes out to a minute of a degree. And thus 
you have your deſire at once; but this will be thus in none but 
right angled Triangles (whereas I {aid before the Radius of a 
Tangent 45 deg.) is always half the Sum of the required Angles. 

Note, that you always begin with the Side that 1s not oppolite 
to the Angle you would have, and then you will put the Side that 
is oppoſite to the Angle in Proportion, with the Tangent of it ; 
and thus for any other right ansled Triangle of thisnature : 


Difference of Latitnde given alone, Difference 
of Longitude and Diſtance run in one intire 
Sum, I demand the Courſe and Sides leveral. 


CQueEsSTION VIL. 


eAamit IT ſet from the Latitude of 5o deg. and ſail upon ſome Point 
between the South and the Weſt, till I come into the Latitude of 
49 deg. o min. (by Obſervation.) Now thoſe that keep acconnt of 
things, tell me, that the Diſtance that the Ship hath run , and 
the Departure from the Meridian , 1s torether 197 5% miles : I 
demand them ſeveral and the Courſe. 


N this caſe ( becauſe it would take up more room than my 


Book would hold ) I'll make every 1o upon my Scale of 
N equal 
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equal parts 20, then every one of the ſmall diviſions will be 2. 
For the protracting of it Geometrically, firſt draw the North 
and South line BR at length, and upon it ſet off your Diffe- 
rence of Latitude, which is D B, make B the place of your Ships 
ſetting out, becaule it is the Northermoſt Latitude, and your 
Difterence of Latitude is Southerly, raiſe a Perpendicular ( or 


$ 


Eaft and Weſt line) from D, and it muſt cut through the place 
waere the Ship is; becauſe ſhe is in that Parallel or Latitude : 
upon this Eaſt and Weſt line, from D ſet the Diſtance run, and 
Departure together, which is 197 miles 72, and it reacheth to 
E: by E and B draw the line EB, and divide it into two 
equal parts by a Perpendicular (you fee it is a Perpendicular by 
the Arches hIand f g)draw it from P, till it cuts the Parallel 
E D, which it dothin A ; from A then dray a line to the place 
you propoſed to your ſelf the Ship fet from, which is B;z now 
the length of thatline, namely, A B, ſhall be the Diftance run , 
and A D the Departure from the Meridian. 


Demonſtration. 
BE is divided into two equal parts.in P, then EP and PB 


muſt be equal, PA is a Perpendicular to EP and BP, _ 
m 


by the Plain Scale. gr 
muſt AB and AE be equal, becauſe the Perpendicular P A 
ſerves for them both, and their Baſes, or the ſides E Þ and P B 
are equal, as was ſaid before. | 

It is evident then, that B A and A D areequal to E D, for if 
E A added to A D makes E D, A B which is equal to AE, ad- 
ded to A D muſt be the ſame: and thus A B is the Diſtance run, 
and A D the Difference of Longitude or Departure from the 
Meridian, meaſure them as before; alſo from B as a Center , 
deſcribe the Arch of 60 deg. SN, and extend the Sides A Band 
BR to it, and meaſure the Angle of the Courſe A BD (as be- 
fore) whoſe mealure is N1ſ, And thus much for the Geometri- 
cal way of working and demonſtrating, 

The Diſtance. run AB is 108 miles: The Departure from 
the Meridian AD is 9o miles: The Courſe is S W b W. 


By the T ables. 


I conſider that the ſide D B (the Difference of Latitude) and 
DE the Diſtance run and Difference of Longitude together are 
Siven in the Queſtion at firſt, whereby we may by the laft 
Example , find the Angle at E, in the right angled Triangle 
BODE: Thus 

For the Aigle at E and ſo for the Comrſe. 
e-7s DE DiſÞ. run, and Depar. 197 55? BE” 
which ws 1978 tenths | Et arith. 6,7037736 


Is to Raains 
So zs the Difference of Latitude D B 600 tenths 2,7781512 


Ts Tangent E 16 des. 5; min. 9,4819243 
The Complement of which to go deg. is EBD 73 deg. 7 mine. 
Now becauſe the Angle PEA and PBA is equal, ſubtract 

the Angle EBA from E BD, and the Remainder is A BD the 


Courle 


Example. 
EBA 16 dep. 53 min. equal to AE P, ſubtrated from EB D 
73 deg. 7 min. the Remainder is ABD 56 4. 15 wm. the Courſe. 
The reaſon that I take 3 from 7, and ſet down 5 is, becauſe 
if you look to the abſolute minute, and part of a minute of the 
N 2 Arch 
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Arch that anſwers to this artificial Tangent 9,48 19248, it will 
fall to ſuch a FraQion, or to be the 15 part of a minute leſs than 
3, as will bring it out; but it is neediel to be ſo exatt in caſes 
or Queſtions of tnis nature. 

| will not ſhew how to work that, till I come to a work that 
requircs ſuch exacineſs ; here you ſee if you take it without al- 
lowing for the Fraction, it is but 1 m1. leſs or more, which is 
but the 675!) part of a point of the Compaſs, but to go to the 


exatnels of it, 1t is the ſame. 


For the Departure from the Meridian A TD. 


7; Sine comp. the Ceurſe ABD 56 d. 15 m. co. ar. 0,2552699 
To the Difference of Latitude 609 tenths BD 2,7781512 
50 1s the Stine of the Courſe 56 deg 15 min. ABD 249193464. 


To the Depar: ure fromthe Meridian A D $895 tenths 9,95 32585 
Which divided by 10, brings out 89 miles 8.tenths 89 (8(89 
of a mile, as it was in the former Examples. XX 
To find the Diſtance run AB. 


es Sine com. ABD the Courſe 56d. 15 m. co.ar. 0,2552609 
To the Difference of Latitude 600 tenths BD 2,7781512 


So 1s Radius 10 the Diſtance AB 1c8 miles 3,90334121 


A TRAVIS. 


efamit T ſet from Sormars Iſlands lying in the Latitude of 32 deg. 
20m. North Lat. and ſail $ E 4c leagues; from thence SS E, 
till I alter my Latitude 1 d. © m. from thence upon ſome point 
between the North and the Eaſt 4.0 leagues, till I alter my Lat 1d. 
4.5 m. Tdemand what Lat. I am in, my Diſtance run upon a ſtreight 
line,ny Departure from my firſt Meridian,and my Conrſe made good, 


Fe: the doing this Geometrically, I have the Diſtance run , 
and the Courſe given; to lay down the Triangle ACB, 
make A the place you ſet from, and lay it down as was ſhewed 
in an Example of that nature before, Queſt. 3, Th 
en 


A Travis. —_— 


Then it is ſaid, from thence I ſailed S SE, till I altered my 
Latitude 1 deg. or 20 leagues; which ſignifies that from C is the 
place I altered my Courſe; therefore from C draw a South line, 
which muſt be parallel to A B ſ; Conſider what you have given, 
and work as hath been ſhewed in an Example of that nature, 

xeſÞ. 1. be ſure to ſet your Angles the right way : After that 
Angle is worked, 

I find my Ship is 

at e, then from e, 

draw the North 

line e G parallel 

to the firſt North 

and South line 

( for the Courſe 

is Northerly) and 

work your Tri- 

angle as hath bin 

ſhewed in an Ex- 

_—_ of 0 that | 

kin weſt. 4. 

where o Diffe- Arch - If 

rence of Latitude " CCenn® 

and Diſtance run L{ 

is given, and you 

will find your 

Ship atF ; let fall 

a Perpendicular 

from F upon the . 

firſt Merid. line s As helen, 

(which falls at R) rao 

and the length of -" 

it is the Departure from your firſt Meridian that you have made; 

likewiſe it cuts that Meridian, To that it leaves the Difference 

of Latitude R A, that you have made ſince you ſet out; then if 

you draw the line A EF, it is the Diſtance that your Ship is now 

from the place ſhe ſet from; and if you deſcribe your firſt Arch 

of 69 deg. fromſto O, and extend your fide AF to it, it gives 

the meaſure of the Courle ſe O: Note that your Difference of 
Lati- 


Latitude is Southerly, and therefore you muſt caſt it into de- 
grees and minutes, and ſubtract it from 32 deg. 20 min. (your 
firſt Latitude ) and the Remainder is the Latitude you are in ; 
whereas if you had been in a Southern Latitude, and had differed 
your Latitude farther Southerly , you muſt have made your 
Latitude fo much more, by adding your Difference of La- 
titude, as here, if you had gone to the Northwards, you muſt 
have done fo, to have known your increale of Latitude Norther- 
ly: The likeis to be underſtood in any cafe elſe of this nature. 
Here following I have an{wered the demands. 
The departure from the firſt Meridian is FR 56 leagues. 
The Courſe is the meaſure of the Arch { e O, whichis ESE 
9 depo. 8 min. Faſterly. 
The Diſtance that I am from the Port I ſet is A F 57 leagues. 
Diff. of Lat. madefince 1 ſet out is R A 13 leagues or 00 4. 39 mn. 
Which ſubtrated from the Latitude I fet froni 32 20 


The Remainder is the Latitude you are now in 31 41 

And thus you lee you failed from A-to C, and then altered 
your Courle, and failed fromC toe, and then fromEtoF; the 
like is to be underſtood of any 'T ravis elſe. And thus if you had 
a Travis of 24 hours, you might find what Diſtance your Ship 
is from the place ſhe was the day before, and the other things , 
as Difference of Latitude, the Latitude you are in, the Depar- 
ture, the Courſe made good upon a ſtreight diſtance ; fo that 
you necd not {et down every thing to every alteration in your 
Reckoning which is endleſs and fruitleſs. 


_ By the T ables. 


To give an anſwer to the demands in the Travis, you need find 
nothing but the Difference of Latitude , and Departure that is 
made in every Angle and note which way it is, either North 
or South for Latitude ; Eaſt or Weſt for Longitude, and taking 
this notice after you have done, ſce which is greateſt, ( in the 
Difference of Latitude) either the Northing or Southing, or for 
L ongitude the Eaſting or Weſting, and that which is greateſt, 
that way it is, and ſo much as it is above the other : We will 
ſhew an Example of this, when we have wrought the Travis. 


I Travis. 95 
I mind the Travis, and I find I have the Courſe and Diſtance 
run.in the firſt Triangle, to find the Difference of Latitude and 


Departure. 
For the Departure. 


eAs Radins 
To the Diſtance run AC 40 leagues 409 tenths 2,60206c0 
Ss ts the Course BAC 45 deg. 9,84948c0 


To the Depar. BC 283 tenths or 28 leag. 3 tenths 2,4515450 
28 leagues 3 tenths Eaſt Departure. 


Fer the Difference of Latitude. 


Foraſmuch as the Angle oppoſite to the Difference of Lati- 
tude, is equal to the Angle oppoſite to the Departure, namely, 
both 45 deg. the Sides will be alſo equal, therefore is A B the 
Difference of Latitude South 28 leagues 3 tenths. 


For the Second Triangle. 


Here I have given the Difference of Latitude and Courſe to 
find the Departure from the Meridian, which is all I need, 


eAs Sine com. the Courſe DCE 224. 30m. £0. ar. 0,0343846 
Is to the Diff. of Latitude 20 leagues or 291 tenths 2,3010300 
So is the Sine of the Comſe D CE 22 deg. © min. 9,5828307 
To the Departwre D F 8 7 leagues or 88 tenths 1,91 82543 


The Departure is 8 leagues 3 tenths Eaſt, becauſe the Courſe 
is Eafterly. 


For the third Triangle. 


In the third Triangle I have given the Difference of Latitude, 
and Diſtance run, to find the Departure. 


For the Courſe. 


eA's the Diftance run GF 40 leagues comp arith. 7,3979399 

Is to Radins 
So ts the Difference of Latitude Ge 35 leagues 3,5440680 
To the Sine comp. of the Courſe 1 GFe, the 
comp. of which is the Courſe GeF 28 deg. 58 min. 9g,9420079 
or 


> — 


95 A Travis, 
For the Departure 
eAs Radius | 
To the Diſtance 40 leagues 2,6020600 
So 15 the Courſe 28 deg. 58 min. 9,685 1151 
To the Departure 19 T# leagues 2,2871751 


The Departure is Eaſt, becauſe the Courſe is Eafterly. 

Thus now in every Angle you know the Difference of Longi- 
tude and Difference of Latitude in leagues,.and alſo which way 
either North or South, Eaſt or Weſt, ſet them down apart thus : 


Lon. Eaſt. Lon. Weſt. Northing, Southing. 
3. 


38->5 CO Iſs 28 zz 
8 ++ OO ©O 20 

19 75 OO 39:00 

5676 00 35 43 75 


Here I have added them up, and I find no Weſt Longitude, 
{o that the Departure from the Meridian is Eaſt 56 leagnes ;+, 
the Difference of Latitude North I find to be 35 leagues, the 
Difference of Latitude Southerly is 48 z2, ſubtra& the North- 
ing which is leaſt from the Southing , and the remainder is the 
Difference of Latitude in the whole run 13 leagues 743; if you 
had Weft Longitude, you muſt have ſubtraQed thus likewiſe , 
and that which was greateſt the remainder belongs to. 


OF 
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Rom what hath been already ſhewed, you underſtand , 
that if the Latitude of two places be known , and 
the Difference of Longitude between them , you 
may find the bearing of them one from the other , 

their diſtance aſunder , or any thing you defire ; and this is 
all to plain, that if I ſet from a place , and am bound toa place, 
whoſe Latitude is known , and the difference of Longitude alfo 
known between them, and keep a reckoning of the departure 
both Eaſt and Weſt that I make, ſetting them down in two di- 
ſtint Columns ; it is but ſubtraRing one from the' other , and 
the remainder will be the Eaſt or Weſt Longitude that I have 
made, (that of the two which was moſt, ) alſo, if I know what 
Latitude I am in , and what Latitude the place lies in, it is but 
ſubtraRing the leſſer from the greater , and the remainder will 
be the difference of Latitude between your ſhip and that place 
( provided the Latitudes be beth one way.) Alto, ſubtrat&t the 
Difference of Longitude that you have made, (provided that it 
be that way which ſhortens your Longitude between the place 
you ſet from, and are bound to,) from the whole difference of 
Longitude between the two places, and the remainder will be 
what is ftill between you and the place you are bound to: but 
if your departure which you have made , hath increaſed the 
difference of Longitude between the place you ſet from, andare 
bound to,add the remainder (after your ſubtrafting the Columns 
one from the other) to the whole difference of Longitude be- 


tween the places; the like for Latitude. 
O | Exam- 


98 Df a Reckoning. 


E xamile in the Reckoning following. 


Suppoſe thelſland of Dzt:athalies ſo, that it hath been found 
to have 950 Leagues departure Weſt, from the Meridian of the 
Lizard (according to the Courſes that be ordinarily failed by 
Plano) the Latitude of it'is 16 deg. 16 win, North Latitude, the 
Lizart lies in the Latitude of 50 deg. ©o min, Now upon fome 
Occation that fell in the term of our Voyage , namely, the 29th. 


of Fanuary on Tueſd.y, the Captain demands of me , what Di-. 


tance Dzr:atha was trom me by Plano, how it bears, what Lea- 
gues of Departure I have to it, and the like: I look in my 
Reckoning, and T find in the Weſt Column 434 Leagues, 1 look 
in the Eaſt Column and fee 60 Leagues ; I fubtra& 60 (my 
whole Eaſt Column) from 434 (the whole Weſt Column) and the 
Remainder is 3-4 Leagucs; which fignifieth the Ship hath de- 
parted from the Meridian of the Lizard 374 Leagues Weſt; for 
the Weit Column was grextelt. 

Subtraft this Weſt departure 374 Leagues, from 950 the 
whole Departure, and1 Grd there is ſtill wanting 576 Leagues 
This 576 Leagues is the Departure that is from the Meridian 
that my Ship is in, and Ditiatha. 

Subtratt alſo the Latitudes one from the other, (namely, the 
Latitude your Ship is in, and the Latitude 'of Dzrztha) and the 
Remainder is the Difference of Latitude in degrees and minutes 
between the Ship and the Place you are bound to, which in this 
Example I find to be 6 degrees 24 minutes. Take the Latitude out 
of the Column of Latitude for that day in the Reckoning , and 
you will find it fo, if youſubtra& 16 deg 16 min, from it. 

Thus you have the Difference of Latitude between you, that 
day, and your Port, and the Departure that the Port hath from 
the Meridian that you are in that day, given you to find the things 
demanded; I will not work it, for.it hath beeen ſhewed ſufficiently 
already. | | 

"I hav here following fet down a Reckoning , and afterwards 
how I work it, and laftly the reafon that makes me ute this way 
of keeping-my whole Reckoning in the laſt line, fo that I am not 


troubled to add it up, when I give account of tit. 
| January 


oe Er WET 7 OE REEL CA "IS 


Df a Reckoning, 99 

January the: 3* Anno Dom. 1655, we departed from the Lizard, 

lying in the Latitude of 50d. 00 m. being bound for Ditiatha, 

which lies in the Latitude of 16 d.16 m. it having Weſ# Deparytnre 

from the Meridian of the Lizard 950 Leagues (according to the 

courſes which we then ſteered) at 4. of the clock. ,, the Lizard bore 
from us NNE, about 6 leagues diſtance by eſtimation. 


Fo "Latirude | Dep.| Dep. Þ day at Sea you ſet 
> | Week days. i; | E.mmW.m down at noon that 24 
8 & min. |leag.\ 148.] hours work : Now I adviſe 


—— _ — ﬀ — 


ag ve 9 pr _ you to ſet it down as it is 
hnagehngd * F. Ons © : here ; In the firſt Column on 
Mun1y 45 CO | ©OO 088 the left hand, I {et the day of 


4 
J 
6 
$| Tueſday [43 E 54] 000]1c8| the Month, in the next the 
9 
LD 
[I 


Wedneſdayj42 4|<299[147| day of the Week, in the 
Churſday [40 E 19] 901202] third the Latitude I am in by 
Friday 4 Lo } 0Co | 26.1 "i : J 
12| Saturday [49 46| 000 |274| GeadReckoning or by Obſer: 
13 | Sunday [40 45000 [178 vation, only I make a diſtin- 
[4] Munday 39 E 49 | 090 [79] ion between them by the 
[5 | Tueſday [37 E 2419001300] letterE, which ſtands for E- 
ep Tharftay 3; 9 _ 2 ſtimation, and is fet down on- 
18 | Eriday 33 15|c0o[278} Iy when I do not obſerve: 
{[9|Faturday [ZI 15]oco[322] that ſo you may know where 
20 | Sunday {29 $51000[304] to begin tocorred&. In the 
21 |[Munday |28 E 20|020| 400 4th. Column I ſet down the 


22 | Tueſday 7 OI2140 : . 

22 Wedn:fay! 25 Re na / 5x Eaſting , in the fifth column 
2) | Thurſday |27 22]03r[4co| the Welling. 

25 | Friday 26 E 49] 049| 40g The manner that I ſet my 
- ny 2} 7 = Eaſting and Wefting down 
27 | SUNcAy 203] 45 . Ss . 

29 | Munday [23 28| <6 ics is thus. Every day there is the 
29 | Taeftlay |22 E 45] c6cl 434 Ships courſe minded, and an 
3o | Wedneſlay 22 <£$|c6c| 4344 oblervation, whereby you 
Zr | Thurſiay j2t 53]Ccc1-414] have the difference of Lati- 


Soaking de, and courle to find th 
I | Friday 2L 4o|c65| 450 pms ndl was yo - cs 
2 | Saturday [20 a7] obo] 456; AEpirture 5 *Oor elle ut you 
3 | Sunday {19 22|c6c| 160 cannotoblerve, you have the 
4 | Munday [19 $53|c60| 472|  diſtancerun, gueſſed at, and 
S| Tueſday 118 23106} 4851 the courſe; to help, your 


O-23 cues 


| Larirude| Dep.|Dep. | gueſs is the Log-line every 2: 
week, dayes E.mW.m | hours; your courſe and di- 
—— ſtance is ſet down upon the 
| Wedneſday 17 19ic60| 518 Log-board every 2 hours, 


| Thurſday 116 47 'c60] 556 2 1 

lay 16 for 2; whereby you may lee it, and 

Saturday [16 29;c60 643 work it every 24-hours, to 
67 


5 

S 

6 

4 | 
lo|Sunday |16 19'c60 find the departure and dif- 
Pi 

I2 

13 

I4 

15 

16 


| dep.min. leag. le:g, 


Wedneſday;16 35 [069] $40 : 
Thurſday , 16 27 c6c 889 ture to be, [ add it from the 


Friday 16 24'060| 929] firſt day all along thus: the 
Saturday a 2\c60 973] departure when 1I. ſet the 
i7 |Sunday 10 440601003]: [jzard (which was NNE 6 


Leagues off) is 2 LeaguesWeſt; I keep mind of that till the: 
next day at noon, and l fin | what departure I have made from the: 


Meridian thatI was in the day before at noon ( by the things 


I have given me)and herelfound it was 19 Leagues,l add it to my- 
departure-from-the Meridian Weſt Ry 2 Leagues, and it 


makes my whole departure Weſt 2 1 Leagues. 


Again, the next day at noon, I work my Ships Travis, as hath- 
been ſhewed, and I find that ſhe hath departed from the Meri-- 


dian ſhe was in yeſterday 33 Leagues Weſt, which I 

add to what I had before, which was 21, and it makes. 2r 
59 Leagues; and thus I go forwards, adding my laſt 38 
days departure in its true Column to all the reſt, © 
(which is in one ſum) and by this means the. laſt line is 3? 
the whole Reckoning. 


In the Eaſt Column I ſet Ciphers to fill it up, till I have ſome: 
Faſt departure to put in it, and as that increaſeth, ſo1 add it (as. 


the other): every day: 


Alſo, I carry the Weſt departure along in its full. number of - 


Leagues in the ſame line, without increaſe or decreaſe, till ſuch 
time as I have more to increaſe it, and'then I increaſe that, and 
carry the whole Eaſting with itin the ſameline : and thus you 
have need to look:upon nothing, but the laſt line, ts reſolve you 
any thing that you defire, either of your courſe made __s 


fince-you ſet out, your diſtance upon a ſtraight line that-you have 


failed, your Ports bearing from.you, what departure is yet be- 


tween. 


Munday 16 21{c60| 726 ference of Latitude: Now- 
Tueſday [16 28. 060] 784] \1.-Hfocvcr 1 find the depar- 
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tween you and your Port, your diftance to it upon a ſtraight line; 
for there you have your whole Weſting, and your whole Eaft- 
ing, and db Latitude you are in, as alſo the Latitude of the place 
you are bound to; whereby (as I have formerly ſhewed) you 
may find them.. 

If there be Longitude but one way, you will ſec nothing but 
Ciphers in the other Column :; this way you ſee is done without 
a Plat. I hold a Plat to be neceſſary only to ſhew what dangers 
lie in your way, that fo you may ſhape a courſe clear by it, and 
I ſhould uſe a Plat for nothing elſe , except it be for Coating , 
where- it is really uſeful. 

I commonly ſet down the Eafting or Weſting between' the 
place I ſet and the place I am bound to at the beginning of my 
reckoning, as alſo the Latitude of each place, as I have done 
here. You may ask why I donot ſet down the courſe that I 
made good every day : indeed that. is not-unnecefſary, but the 
reaſon why I omitit is, Firſt, becaufe I find it of little uſe in my 
Reckoning; and ſecondly, I find it can be better expreſſed in a 
Journal which is kept with my Reckoning; and indeed there I 
ſet it with the Winds, and the reaſons for ſteering upon ſuch 
Courſes: but I leave every one to their own Judgment for that, 
as alſo for Diſtances and Winds, for Difference and Variation. 

It would have been neceſſary here to have ſet down ſome Ta- 
bles-to have worked Triangles by, for (as I have ſaid) ſometimes 
in 24 hours you have a Travis of 4 or 5 ſeveral courſes, and to 
work them this way may ſeem tedious.. I commend you to my 
Fathers Practice , where there is as good Tables as can be, to 
every degree of the Compals; its uſe is caſie, and works to the: 


centh.part of a Mile or League. . 
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Here is always two things given to find the Variation 
of the Compatls ;. that is, the true Amplitude of the 
Suns rihng, and: the Magnetical Amplitude of the 
Suns riſing or ſetting: the true Amplitude of the 

Suns riſing , is, (as I have faid betore in another place) the true 

and abſolute quantity of degrees, that the Sun riſeth from the 

Eaſt, (either Northwards or Southwards) or ſets from the Weſt, 

' and is found (as I have before ſhewed) in the uſe of the Sphere. 

The Magnetical Amplitude of the Sun, is what the Sun rifeth 
from the Eaſt, or ſets from the Weſt by the Compaſs: Now be- 
cauſe the firſt gives the Truth how far the Sun riſeth from the 
*aſt, or ſets from the Weſt; therefore whatſoever difference 
there is between tkein, ſo much is the variation. 

As now, Suppoſe I find in a certain Latitude ſuch a day of the 
Month (by the Sphere) that the Sun riſeth to the Northwards of 
the Eaſt 15 degrees; that is, the true Amplitude: but I obſerve 
the Sun at her Riſing, with an Azimuth Compaſs (which is made 
for that purpoſe) and find that ſhe rifeth but Eaſt 1o degrees 
Northerly; then I conclude the Variation is 7 deg. o 772. or the 
Compaſs is falſe ſo much ; ſo that whereas if I dire& my Courſe 
Eaſt 16 degrees Northerly by the Compals, I do not go on that 
Courſe, but I go Eaſt and by North 5 deg. 45 min. Northerly , 
which is juit 7 4. from my expeQation, or Eaſt 17 deg. Oe + 
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the true Amplitude. Now that is a groſs error, and in long runs 
may deceive a man much, and perhaps be a means to lote a 
Ship, when one little thinks of it; and therefore it ought to 
be looked to. 

An Azimuth Compaſs is'no other in effe& , but a Compaſs 
fitted for the exact taking of the Sun at ker Riſing or Setting , 
or upon other certain times of the day, as you may have 
occaſion. ' | 

In like manner you may find the Variation of the Compaſs 
at other times , by taking the Suns Azimuth at any time of the 
day. 


E xample. 


Suppoſe I were in the Latitude of 33 deg. 20 min. Northerly, 
aud upon the 8"** day of November the Suns Declination 1s 
Seutherly 19 deg. 2c min. I demand the Suns Azimuth at S of 
the Clock, 


The Suns Azimuth at her Riſing ( as I have ſhewed ) is 
the Complement of the Suns Amplitude; but after the Sun 
is up, it may be allo the Diſtance of the Sun from the 
Eaft and Weſt Azimuth: Now iri this Propoſition , you -de- 
fire to know how many Degrees the Sun is from the Faft 
and Weſt Azimuth, (which. is that Part of the Heavens 
that is diſtant from the Sun ) parallel to the Horizon over 
the Eaſt Point of it; or if it had been at 4 of the Clock 
in the Afternoon , it would have been required from the Weſt 
Point. | 
' For the reſolving this Queſtion projet a Sphere ( as hath 
been taught) for the Latitude propoſed , with the Paralk | 
of the Suns Declination drawn as it is given : Divide this 
Parallel of Declination into the hours of the day from 6 to 
12 ,'or which ferves from 12 to 6 in the Aﬀtetnoon; the way to 
divide it is thus; From 6 of 'the Clock ſet off 15 degrees by the 
third way of meaturing, which will be 7, then (becauſe 3o de- 
grees is two hours in time) next ſet off 3o degrees by the third 
way of Meaſuring from 6, and it makes 8 a Clock; then _— 

45 eg 
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45 deg. which is three hours , and it makes 9 a Clock, then 66 
deg. for 1o a Clock, then 75 deg. for 11 a Clock, and then 
go deg. which will juſt fall in the place where the Sun comes 
to the Meridian for 12 a Clock. 1 hus you divide the Parallel 
of the Suns Declination into hours , as 'you may {ee in the 
Sphere here following: it being thus divided , the Suns Azi- 
muth at 8 of the Clock is 8 {,, taken off by the third way of 
Meaſuring, I find it to be 33 deg. o mir. (by the Scale) 1o 
it is certain that the Sun fhould be juſt 33 deg. o mz». to the 
Southwards of the Eaſt at 8 of the Clock., then F willſce how 
high he ſhould be at that time, and 1 find him to be 13 eg. 
go mn, equal to { Y, take off 1{Y by the fecond way of 
Meaſuring. I will obſerve the Sun till I find him at that 
height, and then I know it is $ of the Clock; ſce by your 
Azimuth Cempaſs whether he be 33 deg. o mix. from the Eaſt 
or no, and if not, what it differs, ſo much is the Variation 
of the Gompals. | 

I have wrought this Example no nearer than the plain 
Scale works it , which poſſibly may be 15 mz. or half a de- 
gree of the Compaſs out of the way, but thas is ne confi- 
derable errorin a Courſe , which is the thing we here uſe 
it for. 

The ſame may be done at any time of the day, as La- 
titude 32 deg. 20 m7. North , Declination 19. deg. 20 mw. 
South. | 

Suppole it were cloudy , but at ſome time the Sun breaks 
out, 1ſo that 1 have an opportunity to take his height with 
my Quadrant , and alſo his magnetical Azimuth with my 
Azimuth Compaſs : Now I find his height to be r t , equal 
to NP, and the Azimuth at that time is N t, it being drawn 
parallel to the Horizon ; this Nt ſet off by the third way of 
Meaſuring , and fo much as it- comes to, ſo much is the true 
Azimuth of the Sun from the Eaſt towards the South : Take 
your magnetical Azimuth at the ſame time, and as much as 
they differ , ſo much is the Variation : And thus much for the 
Variation of the Compaſs. 

I have known ſome able men that have miſſed Barbadoes, and 
J have obſerved that it hath been moſt commonty, when = 
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Sun hath had North Declination, fo far that he hath been to 
the Northwards of that Latitude, Now I ſuppoſe the reaſon 
of it may be this. . 

When a man obſerves the Sun with a Quadrant (which is our 
uſual Inſtrument ) he takes the upper edge , which is to the 
Northwards in this Latitude. Suppoſe then I ſet from the 
Lizard, and am bound to Barbadees, I make obſervations of the 
Sun as often as I can all the way, till I bring the Sun to the 
Zenith: after I paſs. the Zenith, the edge of the Sun that was 


higheſt is loweſt : Now he that doth not conſider this, loſeth the 
no 
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bredth or Diameter of the Sun, ſo that your obſervations may 
differ from your expeRation 3o miles, which is enough to mils 
an Iſland ; therefore I adviſe you always to'allow the Suns Di- 
ameter (which ſome count 30 mir.) to every oblervation you 
make in places where the Sun is to the Northwaxds of you ; that 
is, make your Meridian Altitude zo mx. lels than it is, which 
is the Altitude of the lower edge, which was your upper edge 
before you croſſed the Zenith, where the Sun was; or if you 


work your obſervations by the Complement of his height, make 


that 30 min. more. 

I confeſs the beſt way would be at all times to ſubtra& the 
Semidiameter of the Sun , which is 15 min. from your Meridian 
Altitude: But becauſe the Latitude of Places are not ſet down 
with this conſideration, it is more ſafe to do as before, unlets 
you know otherwite by your own experience. This only by the 
by to give notice. 


Example, for the laying open of this Error. 


Suppoſe I obſerve the Sun at Barbadoes the 11th. day of 
December, and I find that the Meridian Altitude of the Suns 
upper edge is 53 deg. 18 min. to which I add the Suns Declinati- 
on for that day, which is Southerly 23 deg. 30 mn. and it gives 
the height of the ZquinoQtal above the Horizon of the Com- 
plement of the Latitude to go.degrees, which is 76 deg. 4.5 min. 
which ſubtracted from-go degrees, leaves the Latitude or Fqui- 
noRial's Diſtance from the Zenith, 13 deg. 12 mn. 

Upon the 11th. of Fre, 1oblerve the Sun again im the ſame 
place, and I find the Meridian Altitude of the upper edge of 
the Sun is 8o deg. 12 min. (Note that this upper edge is oppoſite 
to the edge before, for the Suns Declination is 23 dep. 30 min. 
Northerly , which makes that the Sun gives a South Horizon) 
] add the Suns Declination to the Meridian Altitude, and it 
Sives 103 deg. 42 min. the Diſtance between the XquinoRial 
and the North Horizon , from which ſubtraR go deg. and the 
remainder is the XZquinodtiaFs diſtance from the Zenith, or the 
Latitude which is 13 deg. 42 mi. Now this Latitude ſhould 
agree with the other, for the place Kands ſtill; but for oo 
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this ſubtra&ing the Semidiameter of the bun, it differs 30 mn, 
and when men meet with things thus at Sea, for want of minding 
of this they run 30 min. more Southerly than they ſhould do, 
which I ſuppoſe may be the greateſt reaſon of their miſſing this 
Iſland, and others that lie-near the Xquinottial ; but for thoſe 
places that lie far from the bounds of the Sun, it is not to be 
minded : Yet it were good (methinks) if all Places had been 
laid down with allowance for the Suns Semidiameter ; but be- 
caule they are not, you ought to be careful , when at any time 
you croſs the Zenith of the Sun : I have not been my ſelf in a 
time of year to croſs the Suns Zenith, and therefore I only ſet 
this down by way of Caution to thoſe that may. 
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_ Off Plats have all the Points of the Compaſs drawn 
out from ſeveral Centers through the Plat , and be- 
cauſe they are common , and the way to work by 
them fo ordinarily known, I have thought it ne- 

cefſary todraw the manner of aPlat, and to ſhe its uſe that hath 

only Meridians and Parallels drawn in it, which is_the Plat 
toilowing, 

Suppoſe then that I haye a Plat that hath' the Meridians and 
Parallels drawn -to every fourth degree, as this following is. 
; You ſee this Plat is divided into equal Squares throughout, by 
the Meridians and Parallels ſo drawn, alſo one of theſe Squares is 
divided into eight Points of the Compals , which is the Square 
ECDO, (the manner of dividing it we will ſhewanon.) Now 
if A where the Zizard, and Bwere the Iſland Madera, I demand 
their diſtance aſunder. Let BA repreſent the edge of a Scale lying - 
between them, take the Diſtance A B, and apply it to the Meri- 
dian, and ſee how many degrees it reacheth, and convert them 
into miles, and it an{wers your defire. If you cannot take the 
diſtance at once, take it at twice, andadd the ſeveral Sums toge- 
ther, and convert them into miles: "Then 


For their bearing one from the other. 


Imagine (as I ſaid before) that A B were the edge of a 
Scale cutting upon the two places. Look for that Corner 
| that 
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that is neareſt without the edge (which is S) fix one foot of your 
Compaſſes in S, and with the other {weep the edge of your Scale, 
which will be S G, keep faſt your Scale, and from the Corner $ 
run that foot of your Compaſſes (keeping it at the ſame Diſtance 
from the Scale by. the other foot running by the edge of the 
Scale) till you come to the nextſide with it (which in this ex- 
ample fails at F) then take the Diſtance EL, and apply it to 
the graduated Square, cither from D or E, and as many points 
as it is there, ſo many Points doth the Z:izard bear to the Eaſt- 


wards of the North, from the 2{aderas, which is here two points. 


and almoſt a.quarter. The fame will be done froma Corner 


farther from the Scale, and this is. evident; for by the Flower 


de luys you ſee that SL is a North line from S, and aline drawn 
from S toF is paralleE to B A, or runs upon the ſame point to 
the -Eaſtwards of the North from S. Therefore whatſoever 
lineS F is, the ſame is B A, the like is to be underſtood of any 
other example, as, ſuppoſe we had not found the bearing of the 
Lizard from the Maderas, and would find the bearing of the 
Maderas from the Lizard. Becauſe my Scale runs no farther 
than B, .I-cannot uſe the Corner at S: (which is neareft) and 
the reſtare upon the graduated Meridian, therefore I will ute 
the Corner at L, as I did the Corner at S; but becauſe it is the 
contrary. thing, Pll run the contrary way , namely from L:to H, 


' then is LHand FS parallel, and becauſe SL is the Meridian 
_ to them both:, therefore are H S-and LF equal, 1s thar if SH be 


applied to- the graduate] Square, it is as many points to the 
Weſtwards of the South, as LF is to, the Eaſtwards of the 


North , therefore the /aderas bear from the Lizard South 


South-weſt almoſt a quarter of a point Weſterly : if it had been 
from any other Corner, it would have been the ſame, the like 


- far any other. 
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For the Departure from the EMerinian between two Places. 


Suppoſe X were one Place, and ({|) the other, and 7 would know the 
Departure or Difference of Longitude between them, 


Fix one foot of your Compaſſes in (1]), and extend the other 
to ſweep the Meridian neareſt ſhort of the other place, which is 
the Meridian V, that Diſtance apply to the graduated Meridian, 
and ſee how much it is, then take the Diſtance from the other 
place (which is X ) to ſweep the neareſt part of the ſame 
Meridian, and apply that to the graduated Meridian, fee how 
much it is, and add it to the former, anc it makes the whole 
Departure between the two places, X and ([]), convert it into 
miles or leagues, according as you defire ; in moſt Plats you have 
a Scale or Leagues, which is neceſſary for ſmall Diſtances. 


For the Difference of Latitade between two Places. 


The Difference of Latitude between two places is taken af- 
ter the ſame manner from a Parallel, as the Departure is from 
a Meridian Line; as ſuppoſe I would take the Difference of 
Latitude between X and ({[]), firſt, take the neareſt Diſtance 
between X and the Parallel that T is in, and fee how much it is. 
Then take the neareſt Diſtance between ({]) and the ſame Paral- 
lel, and fee how much it is, and add them together, and that 
convert into miles or leaguesaccording as you delire. 

To find what Latitude any place lies in, take the neareſt 
Diſtance between that Place and the next Parallel with your 
Compaſſes, and look where that Parallel cuts the graduated Me- 
ridian, and carry your Compaſſes with that diſtance there (one 
foot) and obſerve to ſet the other that way as the place is, either 
to the Northwards or Southwards of that Meridian, and ſee upon 
what degree and minute of a degree it falls, and that is the Lati- 
tude of the place. 

As, ſuppoſe I would know the Latitude of the North fide of the 
Aaderas, | will fix my Compaſſes, one foot in B, and extend the 


other to ſweep the Parallel that S is in, that Diſtance I will carry 
to 
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to the place were the Parallel cuts the graduated Meridian which 
is at 34, and fixing one foot there, I will ſee where the other falls 
to the Southwards towards. L (becauſe it is the Southwards of 
that Parallel) and I find it falls in the Latitude of 32 deg. 30 mir. 
from whence I conclude, that the Northermoft part of the 
Maderas lies in the Latitude of 32 deg. 30 mn. 

The way that the Square E CD is divided into Points, is on 
this manner : Firſt, I draw the line O C, then the other lines for 
half-points,and quarter-peints,then I deſcribe the Circles,making 
the outmoſt come to the innermoſt of the lines (but whether it be 
 orno is nogreat matter) the Circles being divided into Points, 
half-points, and quarters, I lay my Scale by the Center of theſe 
Circles, which is O,and the diviſions on the Circles, & where my 
Scale cuts upon the outer line, from thence I draw my Points, half- 
points, and quarter-points, as you ſee here in the following Blank; 
and the Points upon the ſides of the Square thus ſet off are the 
Tangents of the Points upon the Arch : for when from the outer- 
moſt edge of an Arch a Perpendicular is raiſed from afide that 
bounds that Arch (as the fide N 4 is,) and the other ſide that 
bounds the fame Arch be extended without the Arch to interlect 
it (as the line OC interled&sN 4 at 4, ) that Perpendicular is the 
meaſure of that Arch, cither in degrees or points; as here N W 
is 45 degrees or 4. points, and fo is N 4. And thus you way divide 
a Tangent line for degrees or points, from an Archdivided into 
degrees or points. 


To ſet off any Courſe from a Place aſſigned upon a Blank, 


Let the Place aſſiened be X, from which I would draw a N W 
b N Uae. 


Take three points from the graduated Square (making D or E 
the place you take it from) and fix one foot of your Compals in 
the next convenient Corner to X (which is at M) and ſet off 
the three points which fall at K; then from the next Corner upon 
the ſame Meridian that M is, (and to the Southwards of it) which 
is at P, lay your Scale to K, then your Scale lieth NW bN from 


P, 


—— bot atbacoucor oct: 
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P, and a line Parallel to the Scale from X muſt be a NW bN 
Ine, the like for any Courſe elſe, obſerving the quarter of the 


Compaſs, it is to be ſet off in, as alſo whether it be nearer the 
Eaſt or Weft than the North or South; for if it be nearer the Eaſt | 
or Weſt than the North er South, you muſt do the ſame from.a p 


Parallel, as here you did from a Meridian; for the ſide of a 
Square is but the meaſure of four points, which is but half the 
points between a Meridian and a Parallel, This way of work- 
ing may ſeem hard and tedious at firſt, but you will ſoon find that 
it is free from miſtakes, and both exact and eaſie, if you prattiſe 
It. 
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1 Of OBL1 an E 


TRIANGLES 


Two Sides with an Angle oppoſite to one 
of them given, to find the other Angles 
and Side. 


QuesrT1on I. 


Two Ships ſet ſail frem the Rock, of Lisbon , one ſailed W $ W , 
the other ſailed NW bW 38 leagnes, and at the end of their 
ſailing , they were 53 leagues aſunder , I demand the Souther- 
__ ips Diſtance run, and how the Ships bear one from the 
other £ 


Irft draw a North and South line white, and then from 

that ſet off the Northermoſt Ships Courſe, make the 

Rock or Place ſetting out the Place in the North and 

South line that you draw that Courſe from, which is C, 

upon this Courſe ſet off 38 leagues ( becauſe the Queſtion ſaith 
you ſailed 38 leagues upon it ) and extend the ſide CA to the 
Arch of 60 deg. at t, and ſet off five points from t to'S, and draw 
SC 2 white line, which is W $ W Courſe: (for it is-five 
points between the WS W and the NWb W') this done, 
take 58: leagues from the Scale of equal patts, and fix one foot 
of your Compaſſes in A,-and where the other interſeQs the 
. Courſe BC (which it doth in BY there is the other Ship, 


then to meaſure the Angle of the Ships bearing one from the 
Q other 
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other itis B, and BCisanENE line; extendB A to the Arch 
of 60 deg. whoſe Center is at B, and fee. how many degrees 
or points it is more Northerly than an ENE line, and ſo the 
other Ship (namely, the Ship at A) bears from the Ship at B; 
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then take the length of BC, and apply it to.your Scale, and 
fee how many leagues or miles it is. 1 have wrought this in 
leagues, but I will work the reſt in miles, becauſe it is more 
exadt. I find that the Ship at A bears from B, NEbN 45 mz. 
Eaſterly, the Diſtance run of che Southermeſt Ship is 70 leagues. 


By 


- 


+: © BY the. Tables. 
The proportion of this and all others of this kind, is the 
ſame that holds in right angled Triangles ; namely , that the 


Sine of every Angle 1s proportional to its oppoſite fide, or. 


every ſide is proportional to the Sine of its oppoſite Angle. 

Here we have given the ſide CA 38 Leagues, the fide AB 
58 Leagues, and the Angle at C which is 5 points or 56 deg. 
15 mm, 


Say then for the Angle at B. » 


eAs AB 58 leagues, 530 tem. * comp, arith 7,2365719 


I: to ACB 56 deg. 15 min. Sine 049198464. 
Sois AC 38 leagues, 380 tem. 2,5797836 
Tv ABC Sine 33 deg. 0: min. 9,7362019 
Which ſubtra& from 6 points or 67 4. 30 m. 

33 OO 


Remainder is the Courſe from North 34.4. 30 m. 


Which the Ship A bears from the Ship B, whichis N Eb N 45 
min, Eaſterly, | 


For the Diſtance run of the Ship at B, the Side BC. 


eAs Sine C 56 deg. 5 min. comp. arith | 0,080153 
Is to AB 53 leagues 2,763428 

So is Sine BAC go deg. 45 min. 894. 15 mm. 9,999961 
Take the $1 the acute AnoleBAt > 

er 6 ane "Tow 


The reaſon why you take the acute Angle is, becauſe the 
Tables go no further than 9o deg. neither indeed is/any Sine be- 
yond-9go deg. but (as my Father faith in his Tr;gonometry, p. 2+) 
the Sine of an Arch lefs than a Quadrant is alſo the right Sine 
of an Arch as much greater than a Quadrant.; So then the right 


2 Sine ' 
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Sine of the Arch go deg. 45 min. which is 45 mz. greater than: 


a Quadrant, muft be the right Sine of the Arch 8g deg. 15 mir. 
whichis as much leſs (namely, 45 min.) the Geometrical De-- 


monftration of it is there laid down. 

You may ask how I came to know the Angle BA C, which 
was thus: I found one of the other two Angles,.namely B, and 
the other I had given me, Iadded them both: together , and 
that Sum I ſubtrated from 180 deg. the Remainder muſt then 
be the Angle at A, becauſe 180 deg. is the Sum of the three 
Angles of any right lined Triangle: And if I ſubtrat two of 
them from three of them, there will remain one of them, which 
Was 9O deg. 45 min. | 


The three Angles of a. Triangle given, with one of the Siaes, 
ta find the other two ſides. 


QuesTion Il. 


eAdmit 1 ſet from a Head-land lying in the. Latitude of 50 deg. 
oO min. North Latitude, and ſail WSW 38 Leagues, and then 
meet with a Ship that came from a Place which lies SS W from 
the Head-land. Now this Ship hath Sailed N W. I demand the 
Diſtance of that Place from - other, and alſo the Diſtance the 
Ship hath ſailed that came from the Southermoſt Place.. 


"Ir draw your North and South line Bſ{. Let. B be the 
Head-land. From B then draw a W S W line (by deſcribing 

the Arch of 60deg. { D. from the Center B,. and ſetting it off 
as hath been ſhewed) upon this W S W line ſet off; the Ships 
run 58 miles BO.:.FromO as a Center deſcribe the Arch of 
Go dep. Rn, and extend the fide OB to it: Now becauſe the 
Queſtion ſaith that BO is a WSW line from B, then OB 
muſt be an ENE line from O. Alſo becauſe the Queſtion 
{aith, that the Ship that met-her ſailed N.-W, the ſide AO is a 
NW line from A, which is a SE line from O.to A. Now 
there are 6 points between an ENE and a SE Courlſe: there- 
fore from.the line DB extended upon the Arch of 60 dey. 
from B, ſect. off 6.points or 67 deg. 30 mi. which isn th gn 
| raw 
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draw OR a white line: Then becauſe the _— ſaith that 
the place the other Ship ſet from, bears from the Head-land B 
S$SW. Drawa SSW line from B, which is BA, and wherc 
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it cuts the line OR, which is in A, there will be the place the- 

other Ship ſet from, and A B will be the diſtance of the Head-- 

land and: that aſunder, AO will be the diſtance that the Ship - 

hath-failed that came from it; which I find as followeth. | 
The diſtance between the two placesis AB - F583 mules. 
The diſtance that the Ship failed is AO 4.4 3E mules, 
If you have occaſion to find the Latitude the place at A lies 
in, let fall the Perpendicular A'N upon the South line that 
comes from B, and it cuts it in N, and leaves the Difference 
of Latitude BN, ſee how many miles it is, and ſubtract it from 
and you have your deſire, meaſure A N, and you have 


50 at 
the Weſting that A lies from the Head-land B, 
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By the Fables. | off 2 


Here the Angleat Bisan Angle of 4 points or 45 4d. oo m. 
The Angleat A isan Angle of 6 points or 67 d. 30 m. 
The Angle at O is an Angle of 6 points or 67 4d, 30 m. 
The fide BO is 5s miles. | 


Firſt for the Side AB. 


The general Rule ſaith, That the Sine of every Angle is pre- 
portional to its oppoſite ſide. Then from this I conclude, that 
B A ſhould be equal to B O, becaule the Angles sppoſite to them 
are equal, and fo you will find them | 


For as Sine A. 67 deg. 30 min. comp. arith, 0,034384. 
Is to O B 58 miles 1,7634.25 

| So is Sine O 67 deg. 30 mm. . 9,965615 
To AB 53 miles, the two places aiſtance 1,7634.23 


You ſee it is ſo exadtly, for theſe three numbers added toge- 
ther, and Radius caſt away, produceth the ſame Logarithm that 
58 (taken out of the Book) did, and this Queſtion I do on 
purpoſe to ſhew the truth of the general Rule. The fame way 
other Queſtions of this nature are wrought. 


For the Diſtance that the Southermoſt Ship ſailed, A O. 


' eAs AOB Sine 67 deg. 30 min. comp. arith, 0,034 3834. 


Is to AB $58 miles 2,763428 
So 58 Sire ABO45 deg. 00 min. 99949485 
To AO 445E miles 2,647297 


*® 


'It youdefire to find'the Difference of Latitude between the 
two places B and A, you have the Diſtance A B, and the Courſe 
ABn given to find it or the Longitude. p 
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' If you deſire to find the Latitude the Ships are in when 
they meet, let fall a Perpendicular from O upon the South 
line. ( which is BN.) and you have the diſtance OB given, 58 
miles., and the: Angle O BR 67 deg. 30 mz. to find it, or 
the :Departure between the Ships at their meeting, and the 
Head-land Or. | 
The like is to be underſtood of any other Queſtion of this 
nature, ; 7; 


Two Sides and their toatained Anple being given to find the 
third Side and the other Angles. 


QutesT1ON III. 


Two Ships ſet from one Port, and make an Argie of 58 deg. one 
ſailed N+b E, and the other ſailed N W 1 deg. 45 min. Weſterly, 
the Eaſtermoſt Ship ſailed 70 miles and came 10 her Port : The 
Weftermoſt Ship ſailed 8g miles, and came to her Port : I de- 
mand the Diſtance of theſe Ports. aſunder , and how they bear 


one from the other ? 


Irſt draw the North and South line AS. Let AB repre- 
ſent the Port you let from : Then from A as a Center, 
deſcribe the Arch of 60 deg. FSD: From S to the Eaſt- 
wards ſet off one, point : for Nb E the Eaftermoſt Ships 
Courſe draw the line A D at length, 2nd ſet the firſt Ships 
diſtance 750 miles upon it, which is A B, then from A draw 
aNW line 4 deg. 45 min. Weſterly, and ſet off the Weſter- 
moſt Ships diſtance run upon that, which is 89 miles, and- 
it' reacheth from A to C, draw. the line C B from the ends 
of the other two ſides, which is .the Diſtance between the 
\ Ports ( for the ends of each Ships run mnſt be the Ports ) 
then is ACB the Angle of the bearing of the Eaſtermoſt 
Port from the Weſtermoſt, or A B C the bearing of the 
Weſtermoſt Port from - the: Eaſtermoſt, CA'is a S E line, 
1 deg. 45 min. Eafterly from C, ſce how -many points arc 
contained hetween- the CB and C A, by the way that is 


ſhewed in the Queſtion before , or becauſe BA is N-b E 
| | line 
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line (from B) you may find the Point of the Compaſs that 
B C runs upon from B, you need find it but one of theſe ways, 
and the oppoſite point muſt be the other, as I have ſhewed 
before, then take the length of the fide CB, which is the 
diſtance of the Ports aſunder, I find their diſtance and bearing 


to be as followeth. 
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| The Diſtance between the two Ports is CB 79 miles. 
The Bearing of them is Eaſt 5 deg.: 35 min, Northerly, or 


Weſt 5 deg. 35 min. Southerly. 
By the Tables. 


Firft 
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Firſt For the Ancler, 


For all Queſtions of this nature, this Rule is beneficial, an 
will work your Queſtion. Note, 

That in all plain Triangles, the Sim of two Sides are in ſucn pro- 
portion to their Difference, as the T argent of the half Sim ef their 
oppoſite Angles, us to the Tangent of an Angle, wlgen Angie 
ſhall be the Difference between the haif Sum, 4.14 the Angl's : 


ſ- that if it ve added to the talf St, it (hall maity the creates 
Anzle , if it be ſubtracted, it fn.ull make rhe lege. 


I have ſaid ſomething of this Rule beforc, which makes me 
dcmonitrate it no farther here. 


Proportion. 
eA's the Sum of ABand AC 159 miles cemp, arith. 6,798509 
Is to their Difference Ig miles 227898 
So 3s the T an. of the half Sumof B and C 61 d. om. 10,25624 
To Tangent of an Angle 12:20 9433359 


This added to the halt Sum makes the Angle at B 73 d. 10. 
{ubtracted, it makes the Angle at C 48 deg. 50 mir. which 1s 4 
points, and 3 deg. 5o mi. then lay], if CA bea $ E Courle, 
1 deg. 4.5 min. Eaſterly from C, tis certain that CB muſt be 4 
points and 33 deg. 5o min. from it, which is Eaſt 5 deg. 35 min. 
Northerly, the bearing of the Eaſtermoſt Port from the Weſt- 
ermoſt. 

To find the half Sum of the Angles, Note that the three Angles are 
| 180d. therefore if one of them be known, ſubtra't that from 180 
d. and the Remaindcr muſt be the other to. 


Now fer their Diſtance aſunder, CB. 


eAs Sine ACB 48 deg. 5o min. comp. «rith. 0,123321 
Is to B A 70 mil. 2,34 5O9L 
Sous Sine BAC 58 deg. comin, ;. '* 0,923420 


To the Diſtance of the Ports aſunder CB -$ 727 . 2,896839 
R The 
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The three Sides of a Triangle given, to find the Angles, 


QutesT1oN 1IV. 


Two Ships ſet from one Place, one ſails NbE 70 miles, the other 
fails between the North and the Weſt *g miles, ard at the end of 
their ſailing they are diſtant aſunder 53 miles 55 of a mile, I 
demand what Courſe the Weſtermoſ# Ship ſailed, ard how the 
1wo Ships bear one from the other ? 


Irſt draw the North and South line A e, make A the place 

of the Ships ſetting out, ſet off a N b E Courle upon the 
Arch of 60 deg. I e, which is e D (becauſe the Eaſtermoſt Ship 
lails N b E) likewiſe ſet off her Diſtance which ſhe failed upon 
that Courſe, which is AB 70 miles, then take the other Ships 


Diſtarce, 


= —— 
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. Diſtance, which is $9 miles, and fixing one foot of your Com- 
paſſes in A, with the other deſcribe the Arch at C: Liftly , 
take the Diſtance of the two Ships aſunder 583 miles +5, and 
| fixing one foot of your Compaſſes in B, croſs that Arch, and 
F from the place of interſection draw the fides of the Triangle 
C AandCB: then meature the Angles from an Arch of 60 
deg. as hath been thewed before; and to know them, conſider 
that A Bisa NbE line, fo that A F will be upon a Courle fo 
many points, or degrees, and minutes from a NbE, as there 
are points, or degrees and minutes in the Arch DF, Secondly, 
for the bearing of the Ships, which is the Angle at B: conſider 
that BA is a SbW line from B,and then the degrees and minutes, 
or points contained in the Arch OR, is ſo many degrees and 

minutes, or points from the 6 b W. 
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T have reſolved the Demands, which are as followeth. 


The Courle that the Weſtermoſt Ship ſteered was N W 2 4. 
Weſterly. | 
The bearing of the Eaſtermoſt Ship from the Weſtermoſt is 
| W bS 5 deg. 30 min. Welt. | 
I ſet the Angles by the plain Scale a little differing, becauſe 
the Scale cannot be gueſſed to a minute, or 2 or 5, nor the miles 
to a ſingle tenth. 
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By Proportion. 


Here the three ſides are given us to find the Angles; the 
ſide A B is 79 miles, the ſide BC is 78 53 miles, the fide CA 
is 89 miles. 


eA General Rule in Oblique Triangles. 


eA's the true Baſe 

Fs to the Sirm of the other two ſides : 
So is the Difference of the ſides 

To the alternate Baſe, 


R'2 You 


CE 
. 
20 > 9 og roy {et 
< 


Wo on: OY TL LI Inge "__ 


© = 124% "IO 
OE ES: 


124 Df Dblique Triangles. 

You may make which fide you will the true Baſe. If yo 
make either of the ſhorteſt ſides the true Baſe, and let fall a 
Perpendicular from the Angle oppoſite to it, the {ide muſt be 
extended in ſome caſes, for the Perpendicular will fall without 
the Triangle, and the extent of the alternate Baſe will fall as 
far without the Perpendicular, as the Perpendicular is without 
the length of the rrue Baſe: but if you make the longeſt fide 
the true Baſe, the Perpendicular will fall within the Triangle 
in any Queſtion whatloever, ſo that you will have no occa- 
ſion to extend the fide, which makes:me uſe the longeſt ſide 
for the true Baſe, thovgh in this Queſtion take any fide and it 
would fall within. | 

Here the fide CA is longeſt, and therefore we will make 
that the true Baſe : take the length of the ſhorteſt ſide, which 
is AB, and fixing one foot of your Compaſſes in B, (the Angle 
oppoſite to the true Bale) cut the true Baſe with that ſide B A 
in the point S, then draw the line SB which is equal to AB, 
the Perpendicular N B will fall in the middle between S and A, 
(which is in the point N) then ſhall S.N, and NA be equal : 
CS 'is the alternate Bale: fay, 


eAs C A the true Baſe 8g miles comp. arith 7,0 506599. 


Is to CBand AB 148 ;2 miles 3,1728947 
So us their Difference 8 55 miles 1,949 3900 
* To the alternate Baſe SC 14 53 miles 2,1728946. 
Subtra&'S C the alternate Baſe thus foun1 1475 
From C A the true Baſe"$g miles 89 
And the Remainder is SA 74 74 miles 74 75 
The half of which is N A 357 miles or 37 3 tenth 


- NA being thus found, I have AB beſides it in the right-angled. 


Triangle ANB to find the Angle at A: 


Say 


70 A en nd "_—_ 


ade et. Ts 


Of Dblique Triangles. 25 


Say then, 
eAs A B 70 miles comp. arith 7,154901 
Is to Radius 
Sow AN 37 miles 2,568201 
To Sine comp. NBA 58 deg. 6 min. 9,723102 


Which ts Sine BAC, or the quantity of the Arch DF. 


Conſider then what Courſe the fide A B runs upon, and 
58 deg. 6 min, from that Courle is the Courte that the ſide A C 
runs upon. | 


Example. 


AB runs upon a Nb E Courſe from A: the ſide A C runs 
upon a Courle 58 deg. 6 min. from it to the Northwards , and 
lo to the Weſtwards, 58 deg. 6 min. is 5 points and 1 deg. 4) mir. 
which.is N W 1 deg. 45 min. Weſterly. 

What this is above a Northweſt 1 deg. 45 mm. Weſterly, is 
by the neglect of taking the abſolute Logarithm anſwering to 
2,1728946; and alſo the neglect of the half tenth in dividing : 
you lee it is but 6 mz. of a degree of the Compals from the 
other, in the Queſtion before this, which is no ſenſible error 
in failing, and indeed I negle& working fonear, to let any 
Learner fee what a neceſſary thing it is to be exa@t : the 
Angle at A being thus found, you may find the other An- 
les at pleaſure, and allo know what point the ſide B C 
runs upon-, becauſe you know what point B A runs upon 
from B. 


For the Angie CBA. 


eAs CB 7853 miles comp. arith, 7,102922 


To Sie BAC58d.6m. 9928893 
So is C A By miles 2,949390 
To Sine CBA 134.16 m.. 9,93 1205 


That 
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That is6 points, and 5 deg. 46 mir. more; then is BC a 
line that runs from B, WÞS 5 deg. 46 min, Weſterly, or the 
Ship at C bears from the Ship at B, W bS y deg. 46 min. 
Weſterly. 

Then muſt B bear from C, E bN 5 deg. 46 min. Eaſterly ; 
and thus your deſire is known. 

But you may think much, that a Fraction ſhould put you 
out ſo much as 6 mir. (and if you know no better) you may be 
afraid it wiz] cauſe ſome difference in the ſides; but if you 
examine this Example, you will find the ſides will not differ for 
this a full tenth of a mile. 


Example, 


By the Angles to find the ſides to agree with the fides in the other 
 Pueſtion, within a tenth part of a mile. 


eAs Sine BAC 58 deg. 6 min. comp. arith. 0,07110 


To CB 58 ;3 2,89707 
So ts Sine ABC 73 deg. 16 min. 9,98120 
To CA 39 75 miles 2,94938 


Here it us evident , that all this Difference doth not alter the ſides 
the tenth part of 4 mule. 


If you deſire to ſee farther proof of the Rule, by which this 
Queſtion is wrought, you have a clear Geometrical Demon- 
ſtration for it in page 19 and 20 of my Fathers firſt Book of 
Trigonometry, which makes me forbear the demonſtrating of it by 
any Geometrical way. 


Qu: 
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QUESTION V. 


eAamit I be ſailing along the Shore, and ſee two Headlands, the 
Eaſtermſt brzrs NN E off me, the Weſtermoſt becrs N \W 
from me, at the ſame time I ſee an Iſland that beays South from 
me ; but I ſail Weſt S miles, and find the Exſtermoſt Headland 
tobear NEbE 5 deg. Eaſterly from me, the Weſtrrmoſt NNE, 
and the Iſlazd ESE: I demand how theſe Plzcis bear one fron 
the other, and their Diſtance aſunacr ? 


Uch Qyeſtions as theſe are uſed in ſituating of places that 

are in ſight one of the other; or, as a man fails by a land, 

he may take the Headlands bearing one from the other, and 

allo the Imbays as well as the Head-lands, if he he not too 
far out. 

This Queſtion is wronght as the ſecond Queſtion , for 
here you have the bcaring of the places you note in both Sta- 
tions, and allo the Courſe that you ſteer from one Station to 
the other , with the Diſtance; which is two Angles and a Side, 
to find the other two $iles, which is your Diſtance at each 
Station from the places. 

For the protracting of this Queſtion; from your firſt Sta- 
tion draw a line upon thole f{everal Courſes, as the Queition 
{aith the places bear; As, ſuppoſe the firſt Station be A, from 
A draw Al a NNE line, and ( mind) that line muſt be cut 
upon the Eaftermoſt Head-land, becauſe the Queſtion faith it 
bears ſo. 

Next draw a N W line from A, which is A C, and cuts the 
the Weſtermoſt Head-land. : 

Laſtly , draw out a South line from A, which is A D, and 
cuts the Iſland. 

Then from A draw an Eaſt line (for the Courſe you 
ſteered) and ſet off 8 miles upon it, which is A R, from R 
draw a line to every place, as the Queſtion faith they bear; 
Then (namely ) from R to the Eaſtermoſt Head-land , draw 
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a NEbE line 5 deg. Eaſterly: from R to the Weſtermoſt 
Head-land draw a NNE line, ' and from R to the Ifland an 
E 5 E Courſe. Now becauſe the lines drawn from each 
Station cut the Head-lands and Ifland ; it is evident that the 
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Point of their interſe&ing one another muſt be the places, 
(thus) AIlandR H are the lines dra'-'n upon the Courſe 
that lead from the Stations to the Eaſtermoſt Head-lJand , 
and cut-in I, then-is-I the Headland. A O'and RO are the 
Courſes. that lead to the Weſtermoſt Head-land from both 
Stations , and interſe& in O, therefore O is the Weſtermoſt 
Head-land. | 

Laſtly, Aſ and Rf are the Courſes that lead from the two 
Stations to the Iſland ; and therefore { is the liland, for there 
they cut. | | 

Draw a line from every one of them as from { to ©, and 
from O to I, from1 tof, and take the diſtance of them aſunder; 
then for their bearing one from another, draw a North and. 
South line from each place, and by an Arch of 60 deg. meaſure 
it, as hath been ſhewed. 


By the T ables 


Firſt, I conſider that I have' the Diſtance between the two 
Stations, R A (which is a fide of the triangles ARI, 
ARO, and ARſ) and in every of theſe Triangles, the 
Queſtion gives me all the Angles, ſo that I can find my Di- 
ſtance from my Station to the Head-lands , after the form 
of this Example, which I ſhall do from each Station to the 
Eaſtermoſt. 


For Al. 
As Sine RIA 38 deg. 45 min. comp. arith. 0,20347 
To AR 8 miles | I,90309 
Sous Sme AR I 28 deg, 45 min. 9,638213 
To AI 6 miles 55 1,783869 


S | For 
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_ For RI. 
As RIA Sime ;$ des. 45 min. com. arith. 0,20347 
To AR 8 miles | : 1,9C309 
Sos R AllSre (its comp. to 1804.) 67d, 30m. 0,96561 
ToRI 11 mules;5 « 2,07217 


Here I have found the Diſtance from each Station to the | 
Eaftermoſt Head-land, next find the diſtance from the Weſter- 
moſt Head-land to the firſt Station A O. | 


For AO. 
As SineR O A 6 pointsor 67 d. 30M, Co, ar. 0,034384. 
Is to RA 8 miles | 1,903090 
So s OR A 67 deg. 30min. Swe 9,965615F. 
To AO 8 miles 1,9E 3090 


Thus you might find R O, Rf, and Af, for you have the ſame 
things given , namely, R A and the Angles: Here we have 
found the fides A I and A ©; and becaufe A I isvupona NNE 
Courſe, and AO upon a N W Courle, the Angles contained: 
between O AI muſt be 6 points or 67 deg. 30 mn. fo that we 
have two ſides and their contained Angle, to find the Angles 
of the bearing of theſe Head-lands AI O or A OI, and the: 
Diſtance of them aſunder OI: this is wrought as the . third 


Queſtion is. Thus, as this is found, ſo - you 'may find the 


bearing of the reſt of the places oae from the -other , if there: 
were twenty of them, for you have as much given in the other 
Triangles; but I leave it to your own pradtice alfo. to make: 
ſuch Experiments, or to frame ſuch Queſtions. 
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Two Sides and 4 contained Angle bein? grven , to find the 
third Side and the Courſe ( that each Side runs upon) pro- 
vided that no Courſe be named , only the half of the 
Compaſs that you ſail in (or the quarter which is moſt 
commonly) and the Difference of Latitude that is mae 
between the extent of the two Sides, : 


QuEsST1ON VI. 


T wo Ships make an Angle of 50 deg. the one ſails between the South 
and the Weſt 40 leagues, the other jails between the South and the 
Eaſt 50 leagues, and at the end of their ſailing , the Eaſtermoſt 
Ship is more Southerly than the Weſtermoſt , ſo that they differ 
their Latitude 15 leagues; 1 demand each Ships Courſe, and 
their Diſtance aſunatr. 
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He place the Ship ſet from, I make to be B, take off 

'60 deg. from your Scale, and delcribe an Arch, making 
B your Center , as the Arch TR: then I take 50 deg. from 
my Scale, and ſet off ſomewhere upon that Arch, namely , 
from T toR, and from B, upon the Courſe that leads to T, 
I ſet off 40 leagues, my Weſtermoſt Ships Diſtance, and ſo 
conclude my Weſtermoſt Ship is at C: then from B upon the 
Courſe that leadsto R, I ſet off my my Eaſtermoſt Ships Di- 
ſtance run, which is 5o leagues fromB to A. Laſtly, draw 
AC, which is the Diſtance of the Ships at the end of their 
lailing.. 

Then becauſe the Queſtion ſaith the Eaſtermoſt Ship was 
15 leagues more Southerly in Latitude, than the Weſtermoſt;, 9 
I will take 15 leagues from the Scale of equal parts, and fix 
one foot of my Compaſſes in A, and with the other deſcribe 
the Arch ISN, and draw the line from C, by the upper edge 
of the Circle at length, which muſt be an Eaſt and Wei line, 
becauſe A is juſt 15 leagues to the Syuthwards of the neareſt 
part of it : then let fall a Perpendicular from B upon C N, 


and extend it as faras the, Arch of 60 deg. which you firſt de. 
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{cribed TR, and it cuts in O, this muſt be a South line from B, 
namely BS; then meaſure upen the Arch of 60 deg. from O 
to R, for the Eaſtermoſt Ships Courſe, and from Q to F for 
the Weſtermoſt Ships Courſe, as you do in any other Queſtion. 
I find them here as followeth, 

The Eaſtermoſt Ship failed Sb E 4. d. 40. Eaſterly. 

The Weſtermoſt Ship ſailed $ W 1 1 deg. Southerly. 

The Diſtance aſunder is C A 39 leagues. 
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By Proportion. 


Here are the two ſides B A 50 leagues, and BC 4o, with 
the contained Angle CBA given, to find the Angles A CB 
and BAC; therefore for the Angles, py 

% s 
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efsB A andBC yo leagues comp. arith. 7045757 
Is to their Difference 10 leagues 2,000000 
So is Tan.half the Angles B ACandBCA 65d. om. 10,331327 
To T ang. their Difference 13 deg. 24 min. 9,377084. 


Which added to the half ſum 65 deg. is 78 deg. 24 min. the 
Angle A CB, ſubtracted from 65 deg. it makes 51 deg. 36 mn. 
the Angle CAB. 


Then for the Ships Diſtazce aſunder, C A. 


eA's Sine ACB 758 deg. 24 min. comp. arith, ©,008962 
Is to B A 50 leagues 2,698970 
So #5 Sine CBA Fodeg. o min. 9,384254 
To CA 39 deg. 75 leagues. 2,592186 | 


Here we have found the required Angles, and the required 
ſide, but we know not what point of the Compaſs either of the 
ſides that bounds the Triangles runs upon : but this which we 
have found makes way to it, for now we know the ſide A C 
to be 39 55 leagues; and if you let fall a Perpendicular from 
A, upon the Eaſt and Weſt line CN, it cuts it in S, then A'S 
is known to be the Semidiameter of the Arch I NSu 15 leagues, 
fo that in the Triangle ASC (rightangledatS) we have AS 
I5 leagues given, and AC 3975 leagues, to find A C'S or 

CAS, we will find A CS. 
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eAs AC 39 7+ leagues 7,407023 
Is to Radics or ASCygo des. - 

Sow AS 15 leagues 2,176C91 
To Sine ACS 22 deg. 34min. 94593914. 


Here it is evident, the place A bears from the place C Eaſt 
22 deg. 34 min. Southerly, which is E SE 4 minutes Southerly, 
becauſe CS is an Eaſt and Weſt line. ; 
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Alſo, if you ſubtrat ACS 22 deg. 34 min. from ACB 
73 deg. 24 min. the remaincer will be BCS 55 deg. 50 min. 
the Angle that the Weſftermoſt 'Ship hath made from a Weſt 
Courſe Southerly (for that TCVand BCS are equal) fo that 
I ſay, the Courſe that the Weſtermoſt Ship hath ſailed upon, 
is SW 10 deg. 50 min, Southerly , or the Courle that leads 
- the place the fet from B, is, N E 10 deg. 50 min. Nor- 
therly. x 

Then for the Eaſtermoſt Ships Courſe , conſider that BC 


is a $ W Courle 10 deg. 50 min. Southerly, and B A muſt 
be to the Southwards, and ſo to the Eaſtwards 50 deg. from 
, it (which is 4 points and 5 deg.) that i«, Sb E 4 deg, 35 mir. 
\Eafterly. 


Two Sides of” an oblique Triangle being given in one Sum, 
and the other Side alone, with an Angle oppoſite to one 
of” the Sides, .to find the Sides ſeveral, and the other 
Apples. 


Qutes TION VII. 


Two Ships ſet from two ſeveral Ports, theſe Ports were both in one 
Parallel, and diſtant 92 miles, the Weſtermoſi Ship ſails NE b E, 
the Eaſtermoſd Ship ſails upon ſome point between the North aud 
the Weſt, and they both meet, if the Diſtance run of theſe Ships 
together be 159 miles : I demand them ſeveral, and the Eaſter- 
moſt Ships Courſe. 


Et B A be the Parallel line the Ports be in. Let A be the 
Eaftermoſt Port, B the Weſtermoſt, then muſt A B be 


"92 miles: from Bſet of a NE bE line, which is BCO, et 
. off both the Ships runs upon it, which is 159 miles BC: then 


draw C A, which is the other ſide of the Triangle BCA, and 


divide it into two equal parts by a Perpendicular (as you fee the 


Perpendicular D S doth, in the point R) draw this Perpendicu- 
lir from one ſide of the Triangle to the other, as RI; then 
from I draw aline to A. 


Then 
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Then foraſmuch as AR is the half of AC or equal to R C, 
and I R is a Perpendicular to ACfromR, I A and I C nuft 
be equal, and if BIC be the length of rhe two fides 159, 
BI and I A are equal to them, ſo that BI is the Diſtance 
that the Weſtermoſt Ship failed, and I A is the Eaſtermoſt 


Ships run, meaſure them, and ſet them down ; allo I A B is 


the Angle from the Weſt toward the North, that the Eaſter- 
moſt Ship hath ſteered, I have found them to be as fol- 


loweth. 


The Eaſtermoſt Ship ſailed North 7 4. 20 mn, Weſterly. 
The Weſtermoſt Ship's Diſtance run is 102 miles, 
The Eaftermoſt Ship ſailed 57 miles. 
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By the Tables. 


In the Triangle BAC I have the fide BC given, 159 miles,. 
' the ſide BA 92 miles, and the contained Angle at B 23 deg. 


30 min. whereby 1 may find the Angle at C, which we will 
do firſt, _ 
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As: the Sum of BAand BC 251 miles comp. arith, 6,600326 


Is to their "Difference 67 miles 2,816074 
So is Tan. half BAC andBCA 73d. pm.  10,517833 
To Tan. their Difference 41d. 20 m. 9994 


Which added to the half Sum, it makes BAC 114 deg. 
27 min, the greater Angle: ſubtracted from the half Sum, it 
makes BCA 31 deg. 47 min. (which is equal to I A C, for if 
Aland I1C, as alſo AR and R Cbeequal (as was proved 
before ) and IR a Perpendicular to RA and RC, of ne- 
nay os the Angles in the Triangles I AR andI CR muſt be 
equal. 


So that then, if from BAC 1144. 27 m. 
_ Youſubtrat IAC equalto BCA. 31 | 47 
The Remainder is I AB 824 40 


So that becauſe A B is a-Weſt line (from A) of neceſſity 
A I is a line that runs upon a Courle-82 deg. 40 min. to the 
Northwards of it, which is North 7 deg. 20 min, Weſterly. 
And thus we have the Angles and the fide BA of the Tri- 
angle BIA to find the ſides Aland BL 


Firſt then for B;I1 the Eaſtermoſt Ship's run. 


As Sine BIA 63 deg. 35 min. comp. arith, 0,047894 
To B A 92 miles 2,963787 
So is Sine B A182 deg. 40 min. 9,996433 


To BI the Eaſtermoſ# Ship's run 101 $3 miles 3,008114. 


If you queſtion how the Angle BIA is known, it is eaſily 
reſolved; for if BAI be found, ABI was given, add them 
together, and ſubtra& that from 180 deg. and the remainder 
muſt'be;B I A, becauſe the three Angles of any right lined 
Triangle is but 180 ag. if} | AP 


© 


ps | Laſth, 


TolA the Weſtermoſt Ships Diſtance run 57d. +5 mil. 2,7 56420 * 
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Laſtly, for 1 A the Weſtermoſs Ships ru. WW 

v0: 

As Sine BI A 63 deg. 35 min. comp. arith, 0,047894. Hl | 
To BA 92 mes 2,963787 © Wh | 
So is Sine A BI 33 deg. 45 min. 957 44739 l | 
Wl 14 


I handled a Queſtion of this nature before , by which you 
may be direed : for though that be a right angled Triangle, 
and this an oblique angled Triangle, there is no difference in 


the demonſtration. 


The thre Sides of a Triangle being given in one intire 
Sum, and the Angles apart, to fina the Sides apart. 


Quesrtrion VIII. 


T wo Ships ſet from one place, one ſails SW, the other ſails $ b W> 
and at the end of their ſailing, they arrive at two ſeveral Ports? 
the Weſtermoſt of theſe Ports bears from the Eaſtermoſt N W and 
by N: Now if the Ships Diſtances which they ſail, with the 
Diftance between the Ports be 148 leagues, (which is the three 
ſides of the Triangle) I demand the Diſtance that each Ship ſailed, 
and how far the Ports are aſunder ? 


Or the reſolving of this Queſtion, I will ſuppoſe the ſidc 

that the Weftermoſt Ship lails upon to be 30 leagues, and 

{o imagine you have the three Angles and a Side given, as you 

have in 2weſf. 2. We will protra&t this after the dire&tions 

there given, it being fo laid down : I find by the Plain Scale, 

that theſe fides are as followeth : 

The ſide CN is given to be 30 leagues. 
The fide NB is found to be 42 leagues. 
The ſide CB is found to be 24 leagues. 


T | By 
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By the Tables the Proportion ts, 


As Sine B 45 deg. O,IFOFl 
To CN 30 leagues | 2,47712 
So Sime N 33d. 45m. 0,74473 
To CB2 7 leagnes | 2,37236 
For NB, 
As Sine B 45 deg.  ©,15051 
To CN 3” leagues 247712 
So Sine C ( take its Comp.to 180d.) 78d, 45m- 9,99157 
ToBN4i 3£ leagues 2,61921 


Theſe ſides with the fkde CN ( added together) makes 95 
leagues 72. | 

Then it ſtands to good reaſon, that being the Angles in this 
Triangle are the ſame with the Angles in the Queſtion; there- 
' fore, as the ſum of theſe ſides are in proportion to the Sum of 
the ſides there, ſo is the ſum of the ſide 3o here, to the ſum of 
the ſide that is correſpondent to it there, or runs upon the ſame 


' Courle. 


To find the Ships Diſtance that ſailed SW, correſpondent to 
CN 3ol/eagues. | 


As ſum of the ſides of the Triangle CNB gy le. co. ar. 7,021363 
Is to the ſum of the ſides in the Lueſt, 148 leagues 3,170261 
So us the ſide CN 30 leagues : 2,477121 


To the Ships Diſtance that ſailed SW 46 leaguer 5& 22663745 


Now we have the three Angles of the Triangle and a Side, 
is that we may lay it down by the Plain Scale, or work it by 


the Tables, as we wrought here in this Queſtion before : ou 
| might 
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might have wrought 
this proportion by the 
Rule of Three as well, 
or Geometrically , as 
I have ſhewed an Ex- 
ample of this nature 
there. 

This ſide being thus 
found, we. ( to abbre- 
viate the work ) will 
lay it down in the 
Triangle before, whoſe 
Angles are equal to 
to the Angles here: ſet 
46 7 leagues, for the 
length of the ſide, the 
Weſtermoſt Ships run, 
which is NR. 

Draw R 1 parallel to 
CB, and extend N B 
till it interſea R 1, 
which it doth in C. 

This is as much as 
protracting of it anew, 
for the Angles at R , 
at ſf, and at N, are 
the ſame that they 
were given to be in 
the Queſtion, and the 
ſide R N 47 leagues, 
as it was found. 
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You may meaſure the ſides unknown by the Plain Scale, and 
ſet them down if you will, or you may work by the Rule of 


Three, ufing this Proportion. 


As NC 30 leagues is to NR 465+ leap. Sous NB 41 54 toNS. 
Multiply and diyide, and it maketh 64 75 leagues, 5 of 4 


Tenth. 


$ By 
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By the Tables for Nf. 


As NC 30 leagues comp. arith, 7,52287 
To NR 46 7+ leagues , 2,66839 
So © NB 41 ;£ 2,61909 
To NL. 645% leagues 2,51035 


We might have done this by the Tables, putting the Angles 
and Sides in proportion, as we have done all along in the other 
Triangles. But I ſuppoſe your own reaſon will give you, that 
this hath the ſame given in it that the Angle C'NB had; and 
is wrought 1o. 


The Frattions here, and the other agree, only this is not ſo true 
altogether , becauſe here we do it but to tenths , there in ſmaller 
Fractions , but this 1s within a ſmall part of one tenth of a unite. 


For the Side R 1. 


As Sine Nſ R 45 deg. oo min, comp. arith: O,IFO5F 


Is to RN 46 leapnes 58 2,66839 
So 75 Szne N 33 deg. 45. min. 0974473 
To R1. 36 7% leagues 2,56363 


If you add the fides.now found all together, it will come: to 
-2 of a unite leſs than the given ſides together, in the Queſtion 
3s now that ariſeth by negleQing the taking of the abſolute 
number, anſwering to the Logarithm that comes out ; but this 
is ſufficient in cafes of this kind. If you had ſet it in paces, and 
wrovght to the tenth part, you would have been out but 3 of 
a pace, therefore uſe your mind in ſuch cafes. If you had wrought 
to Centiſms, you would have been nearer :.:but this I count near 
enough for ſailing, and I am ſure is more proper to be uſed, than 
ſuch {mall Fra&ions, becauſe no long diſtances can be gueſſed to 
a mile or a league. You might have wrought your laſt propor- 
tion by the Rule of Three, as you Cid the other, BY 

res 
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Three Sides of a Triangle given, to find the Center. 
QuesT1ON IR, 


There be three Ships bound to one place, the Eaſtermoſt 1s diſtant 
from the middlemeſt 40 leagues, and bears SE b E, the middle- 
moſh 1s diſtant from the Weſbermoſt 50 leagues, and bears NE); 
now they every one know as much as I have writ, they alſo kwow they 
are of a like diſtance from this Port. I deſire to know what diſtance 
the Port ts from them, and how it bears from each Ship ? 


[| Have applied this Queſtion to ſailing here, but before in this 
Book I have uſed it in a thing which is very proper for it; 
and indeed it may be of uſe many times, which makes me give 
it place here. 1I ſhall ſay nothing of this Queſtion by the Plain 
Scale, for it is done, as before you fee: but we will do it by the 


Tables of Tangents and Logarithms. 


Here I have given the (ide M er 40 leagues, the ſide MW FO 
leagues, and the Angle at M, namely, its Complement to 1 80 deg. 
R Mer 78 deg. 45 min. to find the Angles M er W and M W er : 


As WM add M er go leagues comp. arith. 704575 


Is to their Difference 10 leapues 23 
Sor the Tan.of * Mer W andM Wer 39d. 22 m. 9,914c4 
To Tan. of their Difference 5 deg. 12 min. 8,95980 


SubtraRed from 39 deg. 22 min. and the Remainder is M W 
Er 34 deg. 50 min. added to it makes M er W 44 deg. 34 mm. 


For the Side er W. 


As Sine Mer W 44 deg. 34min. "comp. arith. c,153824 


To W M 50 leagues © 2,698970 
Sois SineR Mer 78d, 45m. its comp. log. 180d. 9991573 
To W er 6975 leagnes 2,344 367 


But 
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But now you will demand of me, how we ſhall find any thing 
in the Triangle W F er, being there is but one thing known in 
it, namely, the Diſtance of the Eaſtermoſt Ship from the Weſt- 
ermoſt er W, [I'll tell you. 


aaamagSiaul anayns 
hy 


2 * FY \ 
Vaanen ings s» 


B 


Mr. Euclid Mr. Exclid ( Book 3. Prop. 20. ) faith, That in 
apt thic, a Cirele an Angle at the Center is double to an 
ave: Srwv, Angle at the Circumference, (provided) that both 

the Angles have to their Baſe one and the ſame part 
of the Circumference. The Center is F here, the Triangle W 
Ferand W Mer haye W er to both their Baſes : then myſt B 
F A bedouble to IMO, or CBA double to D MI (that is 
to the Arch IOD) ſo that if you deuble D © I, 101 deg. 


I5 Mm, 
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Is min, it makes CBA 202 deg. 30 min. that ſubtrafed from 
a Circle 360 deg. leaves the Triangle W Fer: It is evident 
then that W Fer is double to R MI becauſeR MI is what LOD 
wants of a Semicircle, as W F er is what CB A wants of a whole 


Circle, which is double to it. 


Example. 


deg. min. 
WM er is 101 deg. 30 mr. doubledit is CBA 202 30 
That ſubtraRted from a Circle 360 oo 
The Remainder is W F er 157 30 
And this ſubtrated from 180 oo 
The Remainder is FWerand Fer W 22 30 
(for the Angles of a right angled Triangle are 130d.) —— 
The half of which is F Wer or Fer W ST: 1$ 


For they muſt be equal, becauſe the (ides oppoſite to them 
are equal, namely, F er and F W. 

And thus we have the three Angles of the Trizngle W F er, 
and the fide W er to find F er or F W or FM, the diſtance of 
any of the Ships from the Port. 


For the Diſtance of the Ships from the Port. 


eA's Sine W Fer 22 deg. 30min, comp. arith 0,417 160 


Is to W er 69 73 leagues 2,844477 
Sous Sue F Wer 11 deg. 15 min. 9,290235 
Te any of the Ships Diſtances from the Port 2,551372 


which I find to be 35 55 leagues 


I need not count the Triangle (for the points) for I have 
ſhewed that ſufficiently : So that you, I ſuppoſe, can tell how 
to find the Ships bearing from the Port, for it differs nothing 
from the way you count in other Queſtions. 


Qu z- 


» a © ® 
os oe cen veep Be woe GELS. EE 
: 
- 
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-theſideI D, then confider thatas AI is to AD, fo is the Weſt- 


In the places were the Ports are, namely, AB in B, and AI 
.in C: meaſure the fidesC A and A B, and alſo the Angles of 
' the \Ports bearing ABC, or ACB and count them as hath 
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QuzsTION X, 


There was two Ships ſet from one Port,one ſailed N W b N 6 leagues 
a watch, the other ſailed NE 8 leagues a watch, theſe Ships | 
arrived at two ſeveral Ports in one inſtant of time, the Ports were 
12 leagues aſunder : I demand the Diſtance run of each Ship , 
and the Ports bearing one from the other ? 


Þ* the doing of this Queſtion, Firſt draw a N W ÞN line, 
and ſet off 6 leagues upon it which is A I; then draw a 
NE line, and ſet 8 leagues off upon it, which is AD; draw 


ermoſt Ships run to the Eaſtermoſt; ſo that the ſides AD and 


A I extended ſo far that a line of 12 leagues long, drawn parallel 
to DI, will juſt touch the extended ſides which muſt cut them 


been ſhewed before. 


26%: 
-—_ 
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find the fide A. B the Eafterinoſt Ships run to be 10 leap. -2. 

I find A C the Weſftermoſt Ships run to he 8 leagues. The 

Weſtermolt port bears from the Eaſtermoſt W eſt, 4 deg. 14 mir. 
Southerly. 


By the Tables. 


Firſt for the Ports bearing one from the other A DI equal to 
ABC, or AID equal to ACB: they are equal , becauſe 
ID and CB are parallel, and I AD is an Angle oppoſite to 


.them both. 
eAs AD and AT 14 leagues comp. arith, 6,85 3% 1 
Is to their Difference 2 leacues 2,301030 


Sois Tan.4 AID and A DI 50 deg. 37 min. 30 ſec. 10,085698 


To Tan. their Diff. 9 deg. 51 min. 94240599 


Which added to the half Sum is AID 60 deg. 28 min. 
A CB equal to ADI or ABC the bearing, ſubtracted from 
the half ſum is 40 deg. 4.6 min. 


For I D. 
eAs Sine D 40 deg. 46 min, 0,185100 
To I A 6 leagues ©,778151 
So ts Sine TAD 758 deg. 45 min. 95991573 
To DI 9 Leagues ; 0,954824- 
For C A, For AB. 


As I D 9g leas. co. ar. 8,04575| As TD 9 leag. co. ar. 3,04575 
Is te CB 12 leaoues 2,07918|Is to CB 12 leagues 2,07928 
So is LA 6 leagues 1,77315|Sow AD 38 leagues 1,90309 
To AC 8leapues | | 50209 To AB 107% leagues. 2,02802 
The reaſon that the proportion ſtands thus , is becauſe the 
Angles are equal in each Triangle, and therefore the fides mult 

be proportional, 
V Thus 


SIO omae 9 


. are to work. 
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Thus the Eaſtermoſt Ship ſailed 19 72 leagues, the Weſter. 
moſt 8 leagues, and the Eatermoſt Port bears trom the Weſter-: 

moſt Eaſt 4 deg. 14 min. Northerly. 

There is no Diſtance that a man fails, but if he returns the 
{ame way that he went out, he ſhall find the ſame Diſtance back- 
wards as he did our. 

But now, the World isround ; and if a man goeth out one 
way, and returns another ( as it is common ; he will find a great 
deal of difference in long runs. For to demonſtrate the reaſon 
of this I ſhall not, becauſe my Father and others have done 
that ſufficiently , beſides, it would take up too much room-in 
this little Boos. | 

Theſe Queſtions of Sailing may be underſtood-in ſuch caſes 
as this is, namely , when a man ſails the ſame way home as he 
doth out : But becauſe the Winds will not ſuffer a man to do 
ſo, it is neceſſary to know tome better way to fail by, Let a 
man return never ſo,contrary to what he ſailed qutwards, yet 
at all times to know how near or how far he-may be off. 

Now there is no way better than Mercator's way of Sailing ,, 
it is very excellent, and hath been treated of by many, and that 
makes me prefume to think that I may treat of it as well as others. . 


And firſt here are the Tables of Meridional Parts,by which yoy }. 
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148 | A TABLET 
Latitud. | Mer, Latttud. | Mor. \ Latiiud, Mer. Þ 
D, M. | Parts D 0AM. | Parts D. AT. [arts 
SETS] 31 242] .320. _4+|e]_240 
© 6: 3 | 123} 3 | 24- 
9 9 6 126 6 7 
12]. 12 9 | 129. 9.1 249 
I5 IS I2 132 I'2 252 
18] 1 177 1534 I 25 
21] - 2t IS | 135 IS | 25 
2+] 24 2i | I4T, 2L | 202 
271 27 24 | 144! | 2 264, 
3o| 3o 27 | 147, | 27 | 267 
223 1: 53 39 | 159] | :-30 | 290 
30| 30 33 | 153, | 33 | 273 
39| 39 30 | 150, | 36 | 276 
42| 42 39 | 159 | | 39 | 279 
4 4 42 | 162 42 | 282 
4 4 4 I 65 4 255 
S274. I8 48 | J© 48 | 288 
$4 | 54 St] 171 zl | 294 
S.- 37 54+ | 174 5+ | 294 
© | 6o $7.4 77 97; 297 
7 01-6 3 _o| 180 3=-0 ! [300 
6| 66 18 | 1353 
9 69 2 182 Z AE 
13 | 72 9.1 189 9-269 
I 7 12 | 192| 12-312 
] 7 I 195 IS; 315 
2t | SL '$ 198 | IS . 318 
24d 34 21 | 29L | 2L j -321 
27 | ' V7) 24 | 204; 241 32 
30 90 | 27 207 | *27 | 327 
327-93 1 39 | 20 30 | 330 
36| 96 33 | 213 33 | 333 
39| 99 36 | 216, 36 | 337 
42] 102 | 39 | 219, 39 ' 340 
45 9 | 42 ]- 282 42 | 343 
43 | ICS 45 | 22 45 | 346 
SL] ILL 48 | 22 48 , 349 
$4] 114 JL | 23I Jl | 353 
97\ 1117, 5+ | 234 54 35 
2 o 190. 57 | 237 57 | 35 
| 4 ol 246} 6 ©| 3614 


C©CY©}']?LLELLIELLIEEIE II or 
er —n——n—————— 


Latitud. | Mer | 
. M.\ Parts 
6 . 0 | 3ZoOl 
Z' 504 
6 367 
9, 379 
12-373 
] 370 
I 379 
21 | 3862 
24 ' 385 
| 27 ; 389 
| Zo! 39 
33 |, 397 
30' 397 
39 | 409 
42 | 403 
45 | 4<6 
48 | 49 
St-| 412 
54! 415 
57 | 4's 
7 . 04 42L 
3 | .4*+ 
6 | 42 
9 | 430 
I2 | 433 
15 | 430 
18 | 439 
21 | 442 
24 | 4+ 
27 | 44 
39 | 45L 
33 | 454; 
36 | 457, 
39 | 460| 
2 | 463 
45 | 466 
48 | 469 
SL | 472] 
54. v2 
8 2% 432 
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Latitud. | Mer. | Latitud. | er. 
| D.. M Paris DP; M4 | Pars 
_$ || 482 1010] 6-3 
Fo \S4 +08 | 3] 6c6 
G 7g 61 6c9 
9| 49T 9 612 
I2Z]| 494 I2}) ©l 
15] 497 15} 619 
1 5<O 1 621 
21 | 503 21 | 624] 
24 | 5c6 24! 627] 
27 | 599 7 | - 630 
3o |] :S'2 3o; 634 
33 | 515 33.j 037 
36| 5I8 36.} 640 
39} $21 139; 643 
42 | 524 42 640 
45 | 527 , 45 i 049 
48 | 530 q8 i 652 
gl | 533 Sr} 6585 
4 | 536 54 | 659 
57 | 539 57 | ©ol 
9 o| 542 13. _ 0] :504 
be” 34 3 607 | 
| ? 24 6 670, 
9 | 55L 9 673} 
12 | .554 12! £70, 
I I 79) 
is =4 I | 632 
| 21 | 563 21 ! 6585 
24 | 567 24 | 659 
27 | 569 27} 692 
301573 |, 30j 09 
33 | 57 33! 69 
36 79 36| 70t]; 
39 | 582 39} 724]4 
42 | 585 42 | 707 
45 | 588 45 | 710 
48 | 591 43 | 713 
51 | 59% -$51 | 716 
54 | 597 54 "a6 
600 97; 722 
Io. o | 603 12: ::0 725 


—_ _ a "os 4 : > 7 7 wee 
4 > > - - y = - & - mg Þ 0 
%, _ R - 
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> atom <no— & BD = um tyre on GR ” ». $$ a—raoeg of on As Ks by 4 
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A TABLE of 


zo : 
Latitud. | Mer. Latitud. | Mer | Latizted. | Mer. 
D. M. | Parts D M. | Parts D. M. Parts 
421.9125 +12} 2 JELLY 07 
3| 728 3 | 851 3- 976 

0] 731 6] 35 6 | 979 

9] 73 '9 | 4857 |: 9 982 

12] 73 I2 | $0l I2 9g$5 

15| 74t- I5 | 864 IS 983 

IS | 744 IS | 567 1s 99 

2I | 747. 21 | 870 21 ' 99+ 

24 | 759 24, | 57 24." 999 

27 | 753 27 | $0 27 1-wl 

39| 750 3» | $79 32 | Inod 

33] 799 33 | 982 3 | 1007 

30 | 762 Zo.-1 &80 39 . 1ofo 

39] 765 39 | 85S) 39 lo1t3 

42| 5768 2 | $&92 2 | 10106 

45 | 77L 43 $93 43 ; 1019 

43 | 774 43 095 43 , 1023 

Sl | 777 Si t 90 St | 1026 

54| 792 5t| 94 54, 1929 

57 | 754 S7 j 957 57. 1032 
13: 0|_787 5.94 999 x7: 6 35 
3 | 799 3 4: | 3 1938 

6 793 6-97] 6. 1942 

9| 790) 9g 920 | 9 Ic45 

12] 799} 12+ 923| 12 1048 

I $02 | ts i 926 | IS 1051 

] -5#) ls | 929) I5 155] 

21 þ 80 21 932 2i L557 

24| 8Il 24 | 935; 24 , 1069 

27| 814. 27 | 93S 27 1063 

30| 81S | 3o | 9421 Zo 1267 

33 |. $2 | 33| 945} 33 1079 

36| 824, 36 | + 948 36 . 1073 

39| 827 39| 95l ; 39 | I076 

42| 530 | 42 | .954 2 | 1079 

45 | 833, 45 | 957 45 | Io92 

48S | $36 | 48 | 960 | 48 | Lo86 

51 | 839 gl | 963 | 51 1c89 
54 | 542 54 | 966 | 54 | 1092 

| 57 | 34 57 | 969 57. | 1095 
114 © | 34 16 O 973 18 O | I'O09 


HMeriatonal Parts. IST 
| Laticud. | Mer. Latitid. | Mer. | Latizud. \ Zder 
D. MM. Parts D. 4M, | Parts | D, M4. | Parts 
18 | © | 1998 36 4.43929 22 | 0] 1354 

3 | Liol 3 | 1226 3 14357 
6 | 1104, 6 | 1232 6 | 1360 

9 IIC7 9 | 1235 9 15063 
12! IL00TL I2| 1238 12] 1367 
15 | LLI4 4 1241 | 1370 

Ig L017 Ig | 1244 IS; 1373 
2r | 1120 21 | 1247 21 | 1376 
24. 1123 24 | 1251 24 ' 1380 
27 , 1426 27 | 125+ 27 | 1353 
Zo | 11309 30 [2397 30 10 
[15 et 33 | 1599 

36 1136 X 120} 36 | 1393 
39 , 1139 391-1497 39 1396 
42; 1142 42; 1270 42 13%9 

45 | 1145 45 | £275 45 | 1402 

48 . 1149 45 | 1276 48 | 14<6 
Hl ;. 1152 Si | 1279 51 | 1409 
54 _ 1155 54 | 1255- 54 | 1412 
$7 1115S 57 | 1280 57 | 1415 

I9 o' 1161 SE--0 1259 23 o; I4l9 
3 1:04 3 | 1292 3 : 1422 

6 ' 1:68 6 | 1290 6 | 142 

9.; 14 7 9 | 1299 9 ; 142 

2: T1743 I2 | i302 I2 | 1431 

IS 1177 IS | 13-5 I5 |} 1435 

18! 118] ; 18} 13-5 I | 143S 

21 | 1184. | 21 | Zil 21 | 1441 
24 | 1187 | 24 | 1315 24 ' 1445 
27 ; 1190 ; 27 | +318 27 | 1448 

3 > ; L193 | Zo | :32l 30 | 1451 

3 | [196 33 | 1324 33 1 1454 

22 1 200 36] 1325 36 1 1458 
39 | 1203 | 39 | ' 331 39.1 1401 

42 | 1206 | 42'] 334. 42 1 1464 

45 | 1229 45 | 1337 45 j 1467 
8 | 1212 | 45 [1341 48 | 1471 | 
Sl | !215 5! | [344 51 | 14741 
\ $45 1209 S+| i3H7 | 14771 
ET Song 97 11359 57 | 1480 
'2g o[1225 22 0 | 1354 24 01 14841 
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© 152 4 TABLE off 

Latitud. Mer. Latirid. | Mer. Latitid, Mer, 
D.  M:-, Pets D, M.}| Parts D. H2. Parts 
24 | 9 1484 26 | ©| 1616 28 | © | 175! 
FT <8 {1497 | 3 | 1619 3 |-175 
Ea] 6 | 1623 6 | 175 
9 | 1494 | 9 | 1620 9 | 176 

12 | 1497 12| 1630 I2 | 176 

Is | 1550 | IS | 1633 I5 | 176 
18 | 150g | 18 þ 1637 IS | 1772 
2L | 1597 21 | 1640 21 | 1775 
24 | I1HLO 24 | 1643 24 1958 

27 | 1513 27 | 1647 27 | 1781 
3o | 1517 30 | 1650 3o | 1785 
33 | 1520 33 | 1653 33 | 1788 
36 | 1524 | 367 1657 36 | 1792 
39 | 1527 39 | 1600 39 | 1795 
4.2 I530: 42 i 603 4.2 I799 

45 | 1533 | 45 | 1666 45 [ 802 
48 | 1537 48 | 1670 1826 
SI | 1540 51 | 1673 5* | 1829 
54 | 1543 54 | 1677 5+ | 1913 
57 | 1546 57 | 1680 57 | 1816 
25 o | 1550 27 0o| 1684 29 ©] 18ig 
3115 ” 24687 3 | 1822 

Z 19g 2 1 699 6 | 1826 

9 | 1560 9 | 1693 9 | * $29 

12 | 1563 12 | 1697 I2 | 1833 

IS | 1566 | I5 ! 1790 15 | 1836 

18 | 1570 18; 1704 IS | 1879 

21 | 1573 21 | 1707 2r | 1943 

24. | 157 24 | 17i0 2; | 1847 

27 | 1580 271 1713 27 | 1852 

3o | 1583 3o| 1717 3o | 1834 

33 | 1586 33 | 1720 33 | 1857 
36 | 1590 36j 1724 36 ' 186k 
39 | 1593 39 | 1727 39 , 1564 
42 | 1595 | 42 | 1731 42 \ 1808 

45 | 1599 | 45 j 1734 45 | 1871 

49 | 1603 48 | 1738 48 1855 
51 4 16c6 SL | 1741 St | 1878 

54 | 1610 54 | 1744 54 | 188t 
[6] 57 1747 57 | 188. 

26 4 [GEE 2 o I75L 30+ © | 185 
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Latitud, | Mer. Latitud. Des. Latitud. | Mer. 

D. - M. | Parts D. M.| Parts 'D. AM. | Parts 
Zo | o | 1888 32 | 0 | 2028 34 | o| 2171 
3 | 1891 3 | 2031 3 | 2175 

6 | 189 6 | 2035 6| 2179 

9 | 189 9 | 2039 9 | 2182 

+12 | 1902 'I2 | 2043 -12 | 2186 

I5 | 1995 'I5 | 2046 -15 |-2189 

-18 | 1999 -18 | 2050 1$] 2193 f 
2L | 1912 21 | 2053 -21 | 2197 
24 | 1916 -24 | 2057 24 | 2201 

27 | 19tg 27 | 2060. 27 _ 
.3Zo | 1923 3o | 2064 3o |-220 
33 | 1926 33 | 2067 33 | 22LL 
36 | 1930 36] 2071 .-36 | 221 
39 | 1933 +39 | 207 39 | 22L 

42 | 1937 .42 | 207 42 | 2222 

45 | 1942 4 2081 -45 | 2226 
43 1944 -48 |-208 3 2230 

St | 1947 '$1 | 208 51 | 2233] 
54 | I5l -$4 | 2092 '54. | 2237 

57 | 195 57 | 2c96 57 | 2240þ 

31 o[195 33__ 9 2109 3 o | 2244]. 

I961 3 | 2103 2248 | 

2 ms 6 | 2107 ; 2252 

9 | 196 9 | 2110 9 |-2255 

12 | 1972 * 12 | 2114 12 |'2259 

I5 | 1975 { IS | 2017 *I5 | 2262 

18 | 1979 L 18 | 2121 18 | 2266 
21 | 1982 21 m_ 21 | 2270 

24 | 1986 24 |-212 24 | 2274 

27 | 1989 27 | 2131 27| 2277 | 

30 | 1993 3o | 2135 3o | 2281 

33 | 1996 33 | 2139 33 nan 
36 | 2000 -36 |] 2143 36 | 22 

39 | 2003 -39 | 2146 39 | 2292 |. 

42 | 2007 42 | 2150 42 | 2296 

3 2910 45 | 2153 41239 
2014 45 | 2157 2303 
'S1 | 2017 $I | 2160 51 | 2397 

54. | 2021 54 | 2164. 54 | 231I] 

$7 $7 | 2167 57 | 2314] 

32 © | 202 | 2171 36 o| 2318þ 
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Latizud, Mer Latitud. } Mer. Latitud. | Mer. 
D, M, |. Parts D. M.| Parts D., M. | Parts 
5 1 o | 2318 38 | 0| 2465 4o | © | 2623 
| 232l 3 | 2472 2627 

: 2225 6 | 2476 4 2631 

9 | 2329 9 | 2480 9 | 2634. 

12 | 2333 12| 2484 I2 | 2638 

I5 | 2336 5 2487 IS | 2642 

18 | 2340 18] 2491 IS | 2646 

21 | 234 21 | 2495 21 | 2050 

24 | 23 24 | 2499 24 | 205 

27 | 235l 27 | 2593 27 | 265 

30 | 2355 3o| 2507 3o | 2662 

33 | 2399 33 | 25lO 33 | 2066 

36 | 2363 36 | 2514. 36 | 2670 

39 | 2306 39 | 2518 39 = 

4.2 | 2370 42 | 2522 42 | 267 

45 | 237 3 2526 45 | 2682 
Fe: 237 2530 48 | 2686 
51.| 238! $t | 2533 51 | 2690 
54 | 2385 54 | 2537 54 w_ 
57 | 2389 571 2541 57 | 2698. 
37__ 2 |2393 39_ 212545 41__ © | 2700 
3 | 2396 3 | 2549 3 | 2726 

6 ; 2400 6 | 2553 6 | 2710 
—_ 2556 9 | 271 

I2 | 240 I2 | 2560 I2 | 271 

IS | 241 I5 | 2564 I 2722 

18 | 2415 18 | 2568 IS | 2726 
21 | 2419 21 } 2572 21 | 2730 

24. | 2423 24 | 2570 24 | 273 

27 | 2426 27 | 2580 27 | 273 

© | 2430 3o | 2584 3o | 2742 

33 243 33 | 2588 33 | 2746 
36. | 243 36 | 2592 36 | 2750 

39 t 2442 39 | 2595 39 | 275 
42 | 2446 4.2 | 2599 42 | 275 

45 2449 #5 26c3 45 | 2752 
48 | 2453 S| 2607 4 | 2766 

= Ty 2457 ST ! 2611 SL | 2770 
$4 þ246l 54 2015 54 | 2774 
[1.37 £240 2619 57 | 2778 
38 _0]246 49 02623 42 © | 2782 
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Laittud. | Mer. | Lattsad, | Mer, | | Lathrud. | Mer. 
D.  M. | Parts | ' D. M.| Parts 'D, AM. Parts 
42 | © | 2782 44 | | 2946 40 1 0/ 3116| 
3 | 2786 |, 3 | 2950 3; 3120 
6 | 2790 6| 295 6; 3124 
9 ' 279 9 | 29% 9: 3i2 
12 | 279 I2| 2963 12| 3133 
I5 | 2802  I5 | 2967 | I5 | 3137 
18 | 28c6 IS | 2971 18; 3142 
21 , 2810 21 | 2975 21 | 3146 
24. | 281 24. | 2979 24 | Z150 
27 | 251 27 | 2983 . 27; 3154 
30 _ 3o | 2988 3o | 3159 
282 33 | 2992 l 
JZ 2830 36 | 2996 2 2166 
39 | 2834 39 | 3200 39 | 3172 
42 | 2839 42 | 3095 42 | 3176 
45 | 2843 45 | 3909 43 3180 
48 | 2847 48 | 3013 3185 
5t | 2851 51 | 3017 SI | 3189 
54 | 2855 54 | 3922 54 | 319 
' $57 | 2859 $7 | 3926 $7 | 319 
43___0 | 2863 45 _0| 3230 47 __ 0| 3203 
2867 3 | 3934 20 
2 2871 6 | 3039 2 on 
9 | 2875 9 | 3043 9 | 3216 
12 | 2880 I2 | 3047 12 | 3220 
I5 |. 288 I5 | 3051 I5 | 3224 
18 | 258 IS | 3056 1$| 3229 
21 | 3892 21 | 3060 21 | 323 
24. | 2896 24. _ 24. | 323 
27 | 2900 27 | 306 27 \ 3242 
30 we | 30 | 3073 39 | 3247 
33 | 299 33 | 3977 33 | 325l 
36 | 2913 36 | 3ZoSt 36 | 3256 
39 | 2917 39 | 3<85 39 | 3260 
42 | 2921 42 | 3Zogo 42 | 3265 
4 2925 F. 309 45 | 3269 
2929 | 399 48 | 327 
SL | 293 $I | 3102 SL 1327 
| el | B38 
| 7 ; 
44 * 2946 46 ©[Z116 48 0132 2|- 


156 A TABLE f 
Letitud. | Mr. Latitud. | Mer. | Letitud. | Mer. 
Do. M. | Parts D. M.| Parts D. M. | Parts | 
48 1 0 | 3292 59 121345 $2-| 0] 35655 
, _ . 3] 3290 3.13479 |. 3]360|. 
'4 6 330l 6 3 ; 6 3675 
$ 3395 9.1 348 9.1 3680 
A 12.| 331D 121349 12 | 3685 
{7 is 3314 IS | 349 15-1 3690 
i. 1813319 18] 3593 18 [3695 
z -21 | 332 21 | 3597 | 21 | 3700 
= 24] 332 24 | 3512 24 | 3705 
27 3332 27 | 3517 27 | 3709 
: $3021 3337 39 | 3522 39 | 3714 
33. | 334! 33 | 3526 33 | 3719 
361-3346 36.| 3531 36. | 3724 
39 | 3359 39 13535 | 39. 13729 
42 | 3355 | 42 | 3540 42 11 3734 
45 1 3359 4 3545 4% 3739 | 
| 48. 336k | 3550 | 13744 
SL | 336 St | 3554} 5L, | 3749 
54.| 3375 _ $41359 $4 | 3754 
$7 1 3377 © '_  $5713564 57 | 3759 
49__2| 3392 5r _0 | 3569 $3__0 | 3764: 
3 | 3386 3 | 357 3 |3769 
» | 3306 JE: SE43 
I2| 34ol 12] 3588 - I2 2/64 
5 | 3495 I 359 IS | 3789 
194 3410 10 1399 rs | 3794 
21 | 3414 21 | 3602 21 | 3799 
24] 3419 2413697} 24 | 3804 
27 | 34 :« 2743612 27 | 3809 
30 | 34 [ | 3617 3o | 3814 
331 3432 '- 3813622 33 3819 
30613457 - 363627 | | 3824 
39 | 3442 | 39 | 3631 39 | 3829 
BI | 208 | $1 
| | 9 
43 | 3486 48 | 3646 3 3844 |. 
51 | 34 .- ST | 365 _ $t [3849 |. 
54 | 3455 ' 54 | 3556 54 | 3855 
f 3470 |. ;- $7 | 3660 57 (3850 
50 01345 $2 013665 54__ 0 138651 
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ty. © pr 


Latitud. | Mer. "| Letitud. | Aer, 
| D. M. Parts | D. M. Parts 
56 | 2] 4274 MLT. —- 
3 | 4979 3 | 4390 

6 | 4085 6 | 4306 
409e 9 | 43LL 

12| 4096 12 | 4317 

I5 | 4Lol I5-| 4323 

18] 4106 18. 4329 

2t | 411 21 } 4334 
24,þ 417, 24 | 4342 
27 | 4122 27 | 4346 
39| 4128. 3o | 4352 
4133 33 | 4357 
3614139 | 36 | 4363 
39 | 4144 39 | 439) 
pl | $168 
43 4161 Me: 4386 
St | 4166 St | 4392 
54 | 4172- $4 | 4398 

._ 9107 - $7 | 4493 
$7__ 0] 4183 59 © | 4499 
3 | 4188 : 3 | 4415 

6] 4194 6 | 4421 

9 | 4199 9 | 4427 

12 | 425 2 12 | 4433. 
I5 | 4210 15 | 4439. 

1$ | 4216 18 | 4445 
21 | 4221 21 | 445% 
Bea Sb: 
p | 

3o.| 4238 | 3Zo | 4468 
33-4 4244 33 | 4474 
36 | 4250 36 ©) 
39 | 4255 39 | 4486 
42 | 4261 42: | 4492 
45 | 4266 *7 449 
4272 | 4504 

5L | 4277 5k | 4540 
54 | 4293 54. | 4516 
57 4289 | 57 | 4522. 

o | 4295 60 *o | 4528 


£24 
—- ; 
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eA Declaration of the Table of MeR1D10NAL PART s, 


T Heſe Tables are in my Fathers Works to every fix mi- 
nutes , but here to every three minutes; ſo that if a man 
light not upon the very number that he deſireth', he may the 
eaſier take it, for it will he but.one third or tw6 thirds of the 
Difference between the two neareſt to be added or ſubtracted , 
] tuppoie it will be the leſs troubleſom; I have gone no 
farther than ſixty degrees, bccauſe I would not take up too 
much room, an41 I ſuppole there is but little Trading to the 
Northwards of that Latitude, ſo that it would have been ſel. 
-_ in uſe, Theſe Tables were calculated by my Fathers 

ables. © 

He that fails according to Mercator*s Projeftion , notes the 
true Quantity of Longitude in'degrees and minutes, namely, 
ich dtp as in that Parallel, 360 makes the Cireumference, 
Butithey: which {ail by Plane,; meaſure the Sea, which is round, 
as thought were a flat or plain, now it ſtands to reaſon that 
there muſt be great Difference : as thus , | 

All North and South Courſes (which we call Meridians ) 
interſe&t, in the Poles : ' Now ſuppoſe there be two Ships 
under the Zquinoctial ,, 5 degrees or 100 leagues afunder , 


and thefe Ships ſail both Nerth., they will meet in the North 


Pole of the World, but by Plans they count them as far off 
there , as they were at firſt, for all North and South Lines are 
parallel one to another, as you may ſee in the Work all 
along. 7 o 4p | 
Illuſtration. BER: | 


All Meridian Lines ( as I ſaid before) cut through the Poles 
of the World, and all Parallel Lines go round about the Foles, 
continuing the ſame diſtance from them. The Aquinodtial is 
one of theſe Parallel Lines, drawn equally diſtant  trom the 
Poles, and fo is upon the body of 'the Earth; and there a degree 
of Longitude is 60 miles, anJ 365 times 60 miles is the Circum: 
ference of the Earth, which is 360 degrees. * | | | 


But 


Df Oblique Triangles. 159” 


But now if there be a drawn Parallel, 5o degrees nearer to 
one of the Poles, our own reaſon will give that that Circle 
will not contain ſo many miles round as the other did , be- 
cauſe it muſt be leſs; yet he that fails by Plazo counts that 
it doth , and though he hath Winds that carry him no better 
than due North from the Xquinoctial to the Parallel or La- 
titude of 50 degrees, he counts he hath as many Leagues from 
the Meridian of the Place he is houn4 to, as he had when he 
was under the Fquin»Qi-l. Now tell me how it is poſſible , 
(i Meridians incerſ2<t i the Polcs, as they do) that theſe 
Meri-ji:ns ſhoul be as far «lunder upon a Parallel of 5o de- 
Srees nearer the Foles, as they were unter the XquinoRial : 
I hop? you unterſt ni] me. 

lt is the work of A7 7c107 to ihew (therefore) the Quan- 
tity of a degre? oi Long:u le in every Latitude, {for in theſe 
Paraiiels there i> 3 © +!egrees in the Circunterence, but theſe 


degrees cann4:t contain lo many n.tes as they do nearer the - 


Aquator) It ſheweth how you may ſail upon any Courſe 
from-one Laritu4e t» another-, and reckon your Longitude 
according to the truth of it in <ezrees and minutes : So that 
having two things given beſicles the right Angle , you may 
find your deſire at. Sea according to AMercators DireQion , 
which is the ſureſt way of Sailing that1' now , except Sailing 
by the Arch of a great Circle, and that and this will agree in 
degrees of Longitude , but that: ſheweth the neareſt way to 
fail from place to place , which is all that it differs from this, 
(they being both true) this ſheweth a general way of ſailing 
from place to place, that a particular way of ſailing the 
neareſt way from place to place : It is but ſeldom uſed, becauſe 


it is not very commonly kttown , but it is an excellent thing, I . 


thought to have touched it, but I conſidered that my Father 


hath demonſtrated it as evidently as can be, For Mercator uſe :; 


the Tables here inſerted. 


The 
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The Uſe of the foregoing Tables of Meridional Parts. 


When you work this: way., find firſt what Latitude you 
are in (if you cannot obſerye ) .do it by the things. given that 
24 hours : Then take notice what Latitude you were in the 
day before, and look in the Tables what anſwers to each 
Latitude , ( ſetting them down ) ſubtraR the lefſer from the 
greater, and the remainder are the Meridional Parts contain- 
ed between the two Latitudes, which number make for the 
length of the ſide, which contains the Difference of Latitude, 
and - work according to the DireQions following : I will be 
brief. 


Example. To find the Meridional Parts anſwering to any 
' Latitude, 


Let the one Latitude be 50 deg. g' in the Tables 3488 anſwers it. 
Let the other Lat. be 47 deg. 48' in the Tables 3274 anſwers it. 
Subtra® the leſſer from the greater, — | 
and the-Remainder is 214 the Me- 
ridional Parts contained in that Difference of Latitude. 
The ſame is to be underſtood of any Latitude elle. 


QuesTION JI. 


The Latitude of two Places being given, and the Rumb , to find 
the Diſtance and Differmee of Longitude. 


Ye 4-par I ſet ſail from a Place in the Latitude of 39 deg. 

12 m7. North Latitude, and am bound to a Place in the 
Latitude of 13 dep. 12 min. North Latitude, (which bears 
SW by W from the other; I demand the Diſtance between 
thoſe Places, and Difference of Longitude. 

Let A repreſent the Northermoſt place, C the Southermoſt , 
then is A and B the Latitudes of each place, CB the Difference 
of Longitude, BAC is the Courſe from the Northermoſt to 
the Southermoſt place. 

| ; For 


Mercator's Chart, 164 
For the Diſtance between the Placer AC, 
es Sine comp. A 56 deg. 15 min. comp. arith 0,25526 
To AB the Difference of Latitude inmiles 1560 319312 
S0 #5 Radins 
To the Diſtance between them C A 2308 miles 3,44$38 


——— 


For the Difference of Longitude, 


The Meridional parts anſwering to 39 deg. 12 min.are 2560 


The Meridional parts anſwering to 13 deg. 12 min. are 0799 


| ——— 


The Meridional parts contained between the two Lat. 1761 


A; 
- 


'e ae: | 
eAs Radins 
To BA 1761 parts = 3245759 
So is Tax. the Rumb A 56 deg. 15 min, IO,175107 


To CB the Diff. of Longitude in minutes 2635 mm 3420866 


The Quotient is the number of degrees and the (5 
Remainder is the number of minutes contained in 267G(4 3 


the Difference of Longitude 43 deg. 55 min. 
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Quesrrion II. 


Caſe and Diſtance rt, withone Latitude green, to find the other 
Latirade , and the Difference of Longitude. 


Suro [ ſet from the Latitude of 49 dep. 9 min. North , 
and ſail SW b W 2808 miles. I demand the Latitude 
ſhall then be in, and the Difference of Longitude. 

Let A be the Latitude of 49 deg. 9 min. let AC be the. 
Diſtance run2808 miles, then is A B the Difference of Latitude, 
and CB the Difference of Longitude. 


For the Diference of Latitude A B. 
p s Radius | 
To C A 2808 miles 3443397 
So us Sine comp. 56 deg. 15 min, CAB 9,744739 


inn: +(0 
To AB 1560 miles 3,193136 5 pn 
Which being-divided by 60 


The Quotient and the Remainder is the Difference > 28 


tude in degrees and-minutes , which is 26d. om. 
That ſubtracted from ; 49 ©9 
Leaves the Latitude you are now in 2n 9 


The reaſon why there is no inequality between degrees of 
Eatitude, is becauſe all Meridians are great Circles, fo that 60 
miles is a degree of them always. 


For the Difſgrence of Longitude. 


3396 
The Meridional parts contained between theſe 1428 


two Latitudes I. find to be: - 1968 pre. 
eAs Rading | | 
To AB imparts. 1963 34294025 
So.is Tang, A the Ramb 56 deg. 15 min. . TO,175107. 
To the Difference of Longitude 2945. m. 33469133 


Now 


- Bercato?'s Chart. 163 

Now you nlay ask a reaſon why this Difference of Longitude 
ſhould differ from the other in the laſt Queſtion, ſeeing the 
Difference of Latitude, Courſe and JDiſtance in each Queſtion 


are alike : the reaſon is, becaute this Queſtion runs between two 
leſs parallels than the ather did, and therefore the ſame things 
muſt give a greater part of this Parallel than it did of the other, 


though the number of miles of Departure be alike. 
Divvide 2945 min. by 60, and you have the Difference of Lon- 


Situde in degrees and minutes 49 deg. 5 mn. 
QuesST1oN III. 


The Latitudes of two places , and the Diſtance between them given, 
to find the Courſe and Difference of Lonzitude. 


| Br” one place (namely A) be in the Latitude of 4.9 deg. g mir 
North, let the other place (namely C) be in the Latitude 
of 23 deg. o min. North , and bet the Courſe be between the 
South and the Eaſt, the Diſtance between them is A C 2808 


miles. 
Re For the Conrſe A. 
| As AC Diſf.3808 ml. 6,551602 
Is to Radius 
| So 15 the Diff.of Lat. 
J- AB reduced into>3,193124 
; mules, 1560 mites 


B 
To the Sine C, whoſe Comp. # A 94744726 
Which is 56 deg. 15 min. to.the Eaſtwards of the South. 


For the Difference of Longitude B C. 


As Radins 
To BA 34n parts +. 1968 $,294025 
So ts Tangent the Conrſe A 56 deg. 15 min. 10,175107 


To the Difference of L_—_ 1n minutes 29045 93469132 
Which is as it was in the laſt yo_ 49 deg. 5 mn. 
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QuesT10N LV. 


The Latitude of two places, and their Difference of Longitude given. 
10 find the Courſe and Diſtance, provided the Courſe be between the 
North and the Weſt; 


: Et the Latitudes be as before, and the Difference of Lon- 
gitude 49 deg. 5 min. or 2945 parts or minutes, 


* For the Comſe. 


At the Diff. off Latitudein parts AB 1968 co. ay. 6,70597 
Is to Radius | 
So ts the Diff.of Longitude in minutes or parts B C2945 3,46908 


To the Tangent of the Conrſe, A. 56 deg, 15 min. 10,1750: 
To the Weſtwards of the. North. MANY 


As Sine C 33 deg. 45 min. comp. arith, 0,25526 
To the Difference of Latitude in miles AB 1560 3419312 
So 55 Radins. | 


To the Diſtance run C A 2808 miles: - 3244839. 


Qui 


Mercator's Chart, 165 


 QuesT10N V. 


The Difference of Longitude, Courſe, and one Latitude given, to 
fd the other Latitude and the Diſtance in the Triangle CBA. 


| (he CB be the Difference of Longitude 49 dep. 5 17. or 
2945 min. A the Latitude of 23 deg. g min. North Lati- 
tude, CAB the Angle of the Courſe North.weſterly 56 atg. 
I5 mn, let it be required to find A B the Difference of Latitude, 
(which added to the Latitude of A 23 deg. 9 min. will be the 
n-=oL0 of the other place B) and AC the Diſtance between 
them. 

. Here you muſt. find your Difference of Latitude in parts firſt, 
which. will be reduced into miles (after the Latitude of the place 
at B is found). and then find your Diftance 49 deg. 5 men. re- 
duced into minutes (as I ſaid in the Queſtion) is 2945. mez. the. 
Difference of Longitude giyen. 


For-the. Difference of Latitude in parts. 


 eA's: Radins | 
To the Difference of Longitude in parts 2945 parts 3,469085 
So 1s Tan. comp. the Courſe A 56 deg. 15 min. 9,824897- 


To the Difference of Latitnde in parts, 1968 parts 34293977 


This done look inthe Tables againſt'the Latitude that is 
given me 23 deg. 9 mm. and the Meridional part an{wering to 
It; is- 1428 
To which 1 add the parts here found, 1968 
becauſe the Latitude is increaſed, es” 
And there comes forth 339 

I look for that in the Tables, and I find anſwering to it the 
L_ of 49 deg. 9 min. which is-the Latitude. of the unknown 
place B. 
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For the Diftance between theſe Places. 


Ws 


- I ſabtra& the Latitude of A 23 dep. 9 mw. from the Latitude 
of B.(now found) 49 deg. 9 mir. and the Remainder is the Dif- 
ference of Latitude between them, 26 deg. o min. which con- 
verted into miles is 2560 miles: then ay, F 


eAs Sine comp. 56 deg, 15 min. A comp. arith, 0,255260 
1: to AB 1560 miles 34193124 
So is Radim | 

. Fo the Diſtance run A C 2808 miles 3,4433 34. 


I had thoughts to have ſhewed the Difference between Plano 
and Afercator,. inan Example, but my Father hath done it in 
page 190 of his Book. If you are defirous to know Great Citcle 
Sailing, you may learn it from his Book, for he hath treated of 
it largely; and indeed it is the- mo neceffary way of Sailing 
that is, for a man cuts his way much ſhorter (in many runs) than 
the uſual way that mem go, doth : If you defire to know in any 
Latitude the number of miles contained in any number of 
degrees of Longitude, convert your degrees and minutes of 
Longitude into minutes , and ſay, ' 
eAs Radins - 

To Sine comp. that Latitnde ;, 
So us the Difference of Longitude in minutes 

Tothe Difference of Longitude in miles. 


If you deſire to convert miles of Departure (in any Parallel) 


; antodegrees, ſay, 


As Sine comp. the Latitude or the Parallels diſt. from the Poke 
+ Tate Radams "| (| 
Sa 36 the - rare in males 


To the Difference of Longitude in minutes. Ing 
Divide that by 60, and the _ with the Remainder is 
ae 


of 


the degrees and minutes contained in that Departure. 


I 
we. 
3; 


Of the Longitude and Latitude of Piacrs. 


YI Efore 1 come to ſhew how to keep a Reckoning by Aferca> 


Longitude of ſome Places in degrees and minutes, the Longitude 
taken from Flowres and Corves. 


Places Names. 


The Taſſel - North 
The Maze © North 
The Wiling 

Ife of Wight 

Dover 

| Portland 

| The Stay 

| The Lizard 


Sully 
Uſhin 
Cape Fmiſtre 
The Rock of Libox 
Cape St. Vincent [0 
1lbraltar y- 

E Blanco | | 
Capeae Yerde 
Serrat Lnon © 
South fide of St. Am: 
Cape de Palmoſe 
Cape Trrras Pantas 
Cape Formoſa | 
River Comrat = , 
Nethermeſt of the Iſle Farmandeſa 
Middle of the Iſle of Thowa. 
Cape as Lopex- | 


tor's way, I will ſet down a Catalogue of the Latitude and 
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\ Places Names. 
Cape Wegro South 


Cape Bone me erunta . © ,, South; 


North end of Martizaf 

Iſle of P:cos 

Ie Terreſtinam 

T Digon Aluarum 

Aſcenſion 

St. Ellna 

Cape Apulhas 

Pomte Primere 

Cape Corentas 

Moſambique 

Pemba 

Cape Derfuec 

Cape Guardafa 
Cape de Raffas 

Serrat q - 

Goa 

Cape Cormoramn 

Point Gada 

Northweſt Point of S-matra 
The Flat Point 

Crequeta.in Sima 

Eaſt end of St. Branden 
Eaſt end of Diego Roderigos 
Southeaſt Harbor of Maurice 
Southeaſt end of Adaftorbos 
Cape de Roman © 

Iſle St.'P auls ; 
Ile St. Maria Doguſto 
Aſſemaon 
Eaſt end of the Foul Ground 


Te de Lobas at Rio de Plato 


Cape St. Thoma 


Bay T odas Santtos 
Cape St. Auguſtin 


Taade | Longitudes. 
M.\ D. MM 


ps ©O| 4 F21 
34 23| 52 30 
23 0O2| 17 16 
23 on] 17 16 
37 15| 23 31 


38 54] 26 45 
03 21] 20 16 
16 oo] 28 Zt 


33 25]343 02 
22 21[358 01 
I3 151357 41 


Mercator's Chart. 169 
| Latitude | Longitude. 
Places Names. Mas ng 
Iſle Fernando 03 451205 14 
Vizia O03 3c[:03 ©O1 
Venedo St. Panlo 101 $206 25 
The Weſt-Indies. 
Barbadoes | North | 13 12 327 -42 
Ditiaths North | 16 185j326 32 
St. Chriſtophers '7 2C(324 52 
Toba7o IT 16:27 41 
' Eaſt fide of Trinidado 11 3-1325 41 
 Maitinino 14 48|z325 390 
St. Vincent 13 10j326 00 
New point of Portorica I9 O2]319 22 
Altanall.i near Hiſpaniola 17 2O[313 52 
Cape Tibarune in Hiſpeniola ID 14/310 22 
Weſt end of Margareta IF. 11321 $4 
Cartagena 10 49/3 IO 41 
Ifland Guanatho 116 Flſ297 11 
Weſt end of Cuba 22 00j2983 44 
Cape Florida {25 2cjz302 35 
Bermuda Ifland the body of it 32 20ſ325 15 
Iſland of Sable 43 40[334 O02 
Cape Race at New-found-laud 46 32/339 32 
Cape Sable 143 411327 21 
Cape Cod 41: 20[322 01 
Cape Hattaraſ 35 40j314 141 
Cape Henry 37 0O0[344 00 
Cape Charles 37 201]313 55 
Weſt fdeof CORUES 40 Oojo:0o oo 
Eatfide f FLOURES 37 2c[00 oo 
The Rode of Fral 38 Fc|ooz 17 
Weſt end of F:al 38 41-02 48 
Weſt end of St. George 39 cc]iog oo 
Gratioſa 1329 15103 2GC 
| Z Weſt 
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Places Names. 


Weſt end of Tercera 

Eaſt end of Aficbac! 

Eaſt end of aria 

Eaſt point of Porto Santo 
Weſt end of Madera 
Eaſt ſide of Pahna 

North point of Gomera 
North ſide of Ferro 
Northeaſt ſide. of Gammef? 
Northeaſt point of grand Canaria 
Eaft end of Fortaventure 
Eaſt end of Lasſareta 
Eaſt end of Gratroſa 

Eaſt end of St; Artonro. 
Eaſt end of St. Vincent 
Eaſt point of St. Lucia 
Eaſt point of Sal 

Eaſt ſide of Bonaviſta 
Eaſt ſide of the Iſke of May 
Eaſt ſide of St, F420. 
Fogo. 

Bramme Iland. 


North 
North 


| Latitude.| Longitude. 
"RO" 


M1. 
Oofſo3 40 


o5jo06 10O 


colo6 OI 
ozfls 26 
20ſ13 48 
45112 48 


. 10j13 20 


4o|12 30 
36114 31 
2015 10 
21/17 13 
$3[17 ' 21. 
oc[l17 29 
21104 20 
I2|05. CO 
54/95. 25 
54197 30 
1c|o3 oo. 


The Longitudes- and Latitudess of theſe places hereinſerted, 
are ſome of them my own Experiences , .and the reſt Accounts. 


of able men. 


Concer. 


: *Mercator's Chart, "72." 
Concerning the foregoing T ables. 


| that is bound to any place, the firſt thing that he ought 
to conſider is the Latitude of each place, and the Diffe- 
rence of Longitude between them, which things may be ta- 
ken from ſuch a Catalogue as this is, after the manner fol- 
lowing. | 
Suppoſe I were bound from the Lizard to Barbadoes, I look in | 
the Column of Latitude againſt the Z:izard, and find 50 deg. 
o min, for its Latitude, and 25 deg. 20-93, for its Longitude, 
' from Floures and Corves, # 
I look in the Column of Latitude againſt Barbadoes, and find 
13 deg. 12 min. for its Latitude, and 327 - dep. 42 min. for its 
Longitude from Floxres and Corves, | 
| Here you have the Latitude of each place; but to find the 
Difference of Longitude between theſe places, I confider that 
Barbadoes hath 327 deg. 4.2 min. of Eaſt Longitude from theſe 
Iſlands; but if I ſubtra& that from 360 deg. (the whole Circum- 
ference) there muſt remain the Weſt Longitude that is between / , 
them, which I find to be 32 4 18m. Circumtf. 360 00 
To it add the longitude 
between the Lizard ind © 
Floures and Corves 
That Sum is 57 4. 33m. 32 18 
The D: erence of Longitude between the Lizard and Barba- 
does ( the iMieridian of Barbadees being to the Weſtwards of the 
Lizard {o many degrees.) 6: 
And thus anyDifference of Longitude between two places is 
taken; provided, that one of them is nearer than 19 deg. to the 
Weſtwards of the place you begin your Longitude from, and 
the other nearer than go deg. to the Eaftwards. 
And the reaſon of this is, becauſe the Longitude of all places 
- 1s let down from Floures and Corves to the Eaſtwards; ſo that if 
a plaee were but 1 deg. to the Weſtwards of Floures and Corves , 
it would be let down in the Catalogue to lie in the 359 deg. of 
Longitude, 
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For to know the Difference of Longitude between any two- 
places , conlider which way they are neareſt, and that take : 
Suppoſe there were two places , one lieth in 20 deg. o min. of 
Eongitude , the other liethin 195 deg. of Longitude : I- con: 
fider thar the difference between them is not 180 deg.. and 
therefore I will fubtrad 20 deg. o min. from 195 deg. and the 
Remainder is the Difference of Longitude between them 
175 deg. but if the Difference between two places be- above 
180 deg. as they are laid dowrrin the Catalogue : Subtra& that 
difference from 360 deg. andthe Remainder is the neareſt Dif- 
ference of Longituce: Your own reaſon will-guide you in this, 
and therefore 1 will proceed. | 


— 


How to keep' a Reckoning of the Longitude and = 
| Latitude a Ship makes at Sea. — 


H Aving found the Difference of Longitude between the 
; 4. places1 ſet from, and am bound to, as al{othe Latitude 
of cachr place; I will begin my Reckoning thus: - 

- Imagine it were between the Zizard and Barbadves, and 1 ict. 
from the Lizard the 3% of Fanuary 1658. . _ 


[| 
| 
|: 
'F 
| 
'j 
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Mercator's Chart. 273 


Q... From the Lizard we departed January 3, 1658 being bound to 
Barbadoes, lying in Latitude North 13 d. 12m. Longituae , 
being Weſt from the Meridian of the Lizard 57 d. 38m. 


' 240, Latitude. | Eaſ*Long. | Weſt Lorge | 
| | Dg | wet Dos. | O. | D. |. A 
| Fanuary | 4 | Friday 49 00|% o0| 03: co 
| 5 | Saturday +7 24 | G0- 00 J'06 27 
| 6 | Sunday * [46-09 [| Co 46 ] 06 27 
7 | Munday 45 0901 of | 06 27 
| 8 | Tueſday 43 0o1| 01: of [06 '27 
g9 | Welinelday | 41 10|or oz | cg oo 
To. | Thurſday -| 40 o9|or of | 11 02 
11. | Friday 38 1x | 01- 05: | 19-720 
12 |. Saturday 36 12 | Ot oF-| 14 . 40 
13 | Sunday "34 10 Or 'g5 | 16 00 
14 | Munday | 32 20|or of | 18 47 
I5 | Tueſday., | 39 11|o01 of | 20 +00 
16 | Wedneſday | 27 00] or o5 |21 40 
i7 | Thurſday | 25 o1|ct of | 22 -30 
T8 | Friday » | 23. 10|ot of | 24%0c0| 
19 | Saturday 21\,.45 | ot of | 26: 16 
20 | Sunday 20 45|o1 of | 28 44 
21 | Munday I9 co|ol of|3r ool. 
22 | Tueſday 18 30.| oF org | 33; 32 
23 | Wedneſday |:18 oo | of o5:| 36 ©o 
24 | Thurſday |17 27 |01 og [38 20 
25 | Friday 16" 49 | OI. o5 | 40 40 
26 | Saturday 16 10|ol oz 42 50 
27 | Sunday i5 40.] ol of | 44 59 
28 |'Munday IF oo [ol og|47 oo 
29 | Tueſday | 14 30|ol oz|4g 02: 
30 | Wedneſday | 13 45 | ot o5|5o 57 
31 | Fhurſday | 13: 12 [oO of | 52 ©0 
Felruary, 1 | Friday 13 14 {01-..og | 54:30 
2 | Saturday 13. :12 jo "OF | 54 40 
3 | Sunday 13 12|ot og5| 54 40 
4 | Munday r3 12 For ag 9x 20 
| 5 | Tueſday 13 12 | ol «95 | 57 30 
Y 6 ) Wedneſday | 13 12|oT o5' 58 35 
Heer 
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Here in this Reckoning have ſet down the Longitude in de- 
grees and minutes, as before I {et down the Departure in leagues, 
carrying all in the laſt line: the laſtline of my Reckoning laith, 
that they were in the Latitude of 13 deg. 12 min. and the whole 
Eaſt Longitude that we have made ſince we ſet from the Lizard 
is 1 deg. 5 min, the whole Weſt Longitude is 58 dep. 35 min. 
ſubtract the Eaſting from the Weſting, and the Remainder is 
57 deg. 30 min. which lacks but 3 mir. of 57 deg. 38 min. the 
Meridian of the Place. 

Alſo the ſame line faith, that we are in the Latitude of 1 3 deg. 
12 m2. which is the Latitude of the place : therefore I con- 
clude I am but 8 m7. from it, fo that 1 expe to ſee Land. 

There is no Difference in the ſetting down of this Reckoning 
from that before, but only this is degrees and minutes, that 
leagues or miles; neither is there any other difference in their 
caſting up, for there your Eaſting from your Weſting in leagues, 
here in degrees. 


That there be nothing wanting to make me be underſtaed, Iwill here 
following do the three firſt days works in three Examples. 


x o Vayo® the firſt day I ſet out, I failed S Wb W 6 deg. 25 mir. 


Weſterly, till I come into the Latitude of 49 deg. o min. 
which was the next day at noon. 
I conſider that I have the two Latitudes given me, and the 
Courſe to find the Difference of Longitude. 
The Meridional part anſwering to 50 deg. o min. is 3475 
The Meridional part anſwering to 49 deg. © min. is 3392 


The Meridional parts contained between them is 93 


For the Difference of Longitude. 


eAs Radius - | 
To the Difference of Latitude in parts 93 _ 1,96848 
So is the Tangent of the Courſe 62 9. 40 m. 10,2366 1 
. To the Difference of Longitude in minmes 180 2,25 5 - O 
bs Es is 


4 
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This 180 divided by 60 produceth 3 deg. o min. the Diffe- 
rence of Longitude made that 24 hours; fet it down in your 
Reckoning with the Latitude you were in, filling up the Eaſt Co- 
lumn with Ciphers: I need not ſhew how to find the Diſtance 
run, becauſe I ſuppoſe by what hath been ſaid before, you can do 
It. 

For the ſecond days Work. 

Suppoſe till the next day at noon we fail SW ro deg. 11 1m. 
Wefterly, 169 miles by Eſtimation (for we could not obſerve.) 

I conſider here that I have given the Courſe and Diſtance run 
and one Latitude , namely, the Latitude I was in yeſterday , 
49 deg. © min. to find the Latitude I am now in, and my Diffe- 
rence of Longitude. - 


For the Latitude I am xow 17. 


As Radius 
To the Diftancerun 169 miles 2,227886 
So? 1s Sine comp. the Courſe 554.11 m. 9,756599 
'To the Difference of Latitude 96 miles 1,084436 


This 96 miles is 1 deg. 36 min. which ſubtraged from the - 
Latitude I was in yefterday (becauſe the Courſe is Southerly ) 
leaves the Latitude I am now in 47 deg. 24 mir. (ſet it down in 
your Column of Latitude in your Reckoning) Thus I have both : 
Latitudes and the Courſe, to find the Difference of Longitude. 

| I take the Meridional part anſwering to each Latitude, and 
ſubtra& the one from the other, and there remains 144 parts. - 


For the Difference of Longitude. 


As Radius 
. * Tothe Difference of Latitude in parts, 144 parts 2,158362' 
Sd 1s Tangent the. Courſe 55 deg. 11: min. 10,1577 34-- 


To. the. Difference of Longitude in mines 207 2,3 16097 
Which : 


= bo 2 a > ” g _ 
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them, 
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Which divided by 60, produceth 3 deg. 27min. this I add 
to my weſt Longitude (becauſe the Courle is Welterly) 2 deg. 
oO 1172. and it makes 6 deg. 27 min. 

This 6 deg. 27 min. I ſet down in the Weſt Column, and 
thus you may keep your whole Longitude in the. laſt line. 


The third days Work, 


Suppoſe the Winds be crofs, and that we are forced to tack., 
and we make our way good SSE, and I obſerve and find my 
ſelf in the Latitude of 46 deg. g min. 1 demand the Difference 
of Longitude. | ; Fe 

I find the Meridional part anſwering to my Latitude yeſter- 
day 47 aeg. 2.4 1274.15 3238 


The Meridional part anſwering my Latitude 
gives this day by obſervation 46 deg. 9 min. £+ 3128 
The Meridional parts contained between 
theſe two Latitudes is c IIO 
As Radins 
To 110 2,04139 
So #s Tangent 22 deg. 30 min. 9,61722 


To the Difference of Longitude in minutes 46 m. 1,65862 


This 46 mz. is Faſt Longitude, and muſt be ſet down in the 
Eaſt Column :. and let the Weſt Column hold its Sum till; as 


'was done inthe plain Reckoning before, and when you come to 


increaſe your Weſting again, carry your whole Eaſt Longitude 
along , and thus you have your whole Reckoning in the laſt 


line : The ſetting down of this differs nothing from the other ; 


therefore to that | refer you. | 
Sometimes your Latitudes may be ſuch, that the Tables do not 
anſwer them to a minute, (for they are but to every 3 m#n.) as 
ſuppoſe the one Latitude were 13 deg. 20 mir. the other 15 deg. 
16 min, and I would take the Meridional part contained between 


i 4 
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Hook for 15 deg. 16 min. and cannot find it, but the neareſt 


leſs than it, is 15 deg. 15 mr. againſt which I find 926 
Took for the neareſt above it in the Tables, which is 929 
againſt T5 deg 18 min. and find _— 


I ſubtra& the leſſer from the greater , the remainderis 003 


Then I conſider that the difference between 1 5 deg. 15 min. 
and 15 deg. 18 mn. is but 3, and that the portion that I want 
is but 4 of this Difference, 1; therefore add 1 tothe Meridio- 
nal part anſwering to 15 deg. 15 min. which is 926, and it makes 
927, the Mericional parts an{wering to 15 deg. 16 mn. required. 

The fame I do for 13 deg. 20 min. and find the Meridional 
parts anſwering it to be 807, ſubtra& them one from the other, 
and the remainder is the Meridional part contained between 
them; the like for any other, As 


Suppoſe one demands of me the 20" day of January, how the Iſland 
of Barbadoes bears off me by my acconnt in this Reckoning. 


I look upon my reckoning, and I find that day I was in the 
Latitude of 20 d. 45 m, and I have made Weſt Longitude 28 4. 
44 min, Eaſt Longitude 1 deg. 5 min. i ſubtrat the Eaſt Lon- 
Situde 1 deg. 5 mn. from the Weſt 28 deg. 44 min. there re- 
mains 27 deg. 39 min. the Weſt Longitude that I have made 
fince I ſet from the Lizard; ſubtrat this 27 deg. 39 min. from 
the Difference of Longitude between the Lizard and Barbadees 
' $7 deg. 38 min. and the remainder is 29 deg. 

9 9:4. the Difference of Longitude which I 574. 33 m. 
ave yet to make: I look at the top of my 27 39 
Reckoning for the Latitude of the place I am 
beund to, and find it to be 13 deg. 12 min. 29 59 


Thus I have the twoLatitudes, and the Difference of Longi- 
tude, to find the bearing of the place I am bound to: You may 
find it as is ſhewed before, weft. 4. by bringing your Diffe- 
rence of Longitude into minutes, an1 taking the Meridional parts 
contained between the Latitude you are now in, and the Lati- 


tude of Barbadoes; and uſing them = the ſides to work by. x 
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If you have a mind to know your Diſtance (upon the Courſe) 
to Barvadoes, fee what Difference of Latitude is between the 
Latitude you are in, and the Latitude of Barbadoes, reduce it 
into miles, and ſay, 


eAs Sine comp. the Courſe 

To the Difference of Latitude, . 
So 18 Radins 

To the Diſtance. 


And thus in brief you are able to give an account of your 
whole Reckoning at any time, or of any part of your Reckon- 
ing , if the day be given. Thelike you may do for the Courſe 
that was ſteered from day to day; but that (as I ſhewed before ) 
ought to be taken notiec of in a Journal, or if you like it better 
make a Column for it in your Reckoning. T he reafon why I re- 
fer that and the Winds and Variation, is, becauſe it can better 
be expreſſed with the reaſons of it than here. 

Thoſe days that you obſerve ,' corre& your Reckoning by 
your Obſervations, as my Father ſheweth in his praRice after 
the Tables. 

I had thoughts to have projeted a Chart after the manner 
of Mercator , but becaule few of them are maze true, I forbear, 
and adyiſe nonc- to truſt them, cxcept they are avle to examine 
them, 

If I have been too tedious either in_this, or any thing elle, 
remember this is but the buds of my beginnings, enc. hereaſter 
| may learn to compriſe a great matter (inore plainly) under 
tewer words, which is moſt docible. 


_ 
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mm 


Stars near the e/Equinoitial , or declining 52 deg. their Names 


and Deslinations, with their Seaſons. 


In the Girdle of Andromeda 


In the Rams horn the firſt 


In the South foot of Andromeda 


In the Rams Head 

Perſeus right Shoulder 
AMeduſa's Head 

Perſers tight ſide 

Bulls eye 

Or:er's left foot 
Wagoners right foot 
Second in Or:o#'s Girdle 
Wagoners right Shoulder 
The great Dog in his mouth 


Inthe upper head of the Twins 


The leſſer Dog 

Hyara's Heart 

Lions Heart 

Lions Back 

Lions Neck 

Virgins Spike 

Artiturus 

South Balance 

North Balance 

The brighteſt in the Crown 
Scorpions Heart 

In Ophiuch's right foot 

In the Harp the brighteſt 
Eagles heart al;as Vultures 
Dolphins Tail 

Fomahant 

In Pegaſus leg 

The Head of Andromeda 


North 


South 
North 
South 
North 
South 
North 


South 
North 


South 
North 
South 


North 
South 


North 


South 
North 
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Stars near the North Pole , their Declination from it, with their 


Seaſons. 

| D. 
North Star | 02 
In the hip of Caſſopera 31 
In Caſſiopera's knee $1: 
In Perſeus right Shoulder 37 
In the great Bears fide 91: 
In the great Bears thigh | 34 
In the great Bears rump 31 
Firſt in the great Bears tail | 32 
Middlemoſt in her tail 33. 
In the end of her tail 38 
In the bending of Dragons tail 24 
The formoſt Guard | 14 
The hindmoſt Guard 16 
In Dragons head formoft 37 
In Cephews Girdle ” 20 
In,the back of. Caſſiopeia's Chair - - 32: 
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Rules to find the Latitude , or Poles Blevation| by 
the Meridian Altitude of the Sun or Stars, having 
the Tables of their Declmation. 


Irſt, if the Sun or Star be on the Meridian to the South- 

wards, and have South Declination, add the Suns Declina- 

tion to the Meridian Altitude, and it gives the ZquinoCtial's 

height above the Horizon, that total ſubtrated from go deg. 

gives the Latitude Northerly , which is the EquinoRials Di- 
ſtance below the Zenith or Poles Elevation. SEED 


Example. 

Suppoſe upon the 11th. of February, 1663, I find the Suns 
Declination to be Southerly Tod. 22m. 
Suns Meridian Altitude I obſerye to be 26-10 
That Total is 40 32 
Which being fubtraed from 89 60 


The Remainder is the Poles Elevat. or Lat. North 49 28 

If when you have added the Suns Declination to the Meridian 
Altitude, it exceed go deg. then caſt away go deg. and the Re- 
mainder is the Latitude Southerly. 


Secondly, if the Sun or Star be on the Meridian to the South- 
wards, and have North Declination, ſubtra@ the Suns Decli- 
nation from the Meridian Altitude, and it leaves the height of 
the Equino&tial above the Horizon, that ſubtracted from go deg. 
lcaves the Latitude Northerly. 


Example. 


Mercator's Chart. 187: 


E xample. 


Admit upon the 19th» of 24ay 1663. the Suns Declination 


is Northerly 13 4, 17m. 
'The Suns Meridian Altitude is 69 5F8 
Suns Declination being ſubtraRed the Remainder is 56 41 
This ſubtracted from 89 60 
Leaves the Latitude Northerly 33 19 


Thirdly, if the Sun or Star be on the Meridian to the North- 
wards, and have North Declination , add the Suns Declination 
to the Meridian Altitude, and it gives the height of the /Equi- 
nottial 2bove the Horizon, that being taken trom $0 dep. leaves 
the Latitude Southerly. 

But if it exceed go eg. after the Declination is added, ſub- 
tract go deg. from it, and the remainder is the Latitude: Seg 
in the firſt Rule an Example; in its operation as this is. 

Fourthly, if the Sun or Star be to:'the Northwards and have 
South Declination, ſubtra&t the Suns Declination frem the 
Meridian Altitude, aad it gives tne Equinodial*s height above 
the Horizon; ſubtract that from go deg. and it leaves the La-. 
titude Southe: rly. 

Fifthly, if you obſerve when the Sun or Star hath no Necli- 

nation , then the Complement of his Meridian Altitudg 1s the 


Latitude, 
Sixthly , it the Sun or Star be obſerved in 19 toe Zenith, the 


Declination is the Latitude. 

If you have a deſire to work by the Complement of the Sun 
or Stars Meridian Altitude Ovhichh4 is utcd for its brevity by Sea- 
men) do as followeth : 

If the Sun hath South Declination, and be to the Southward 

& of you, ſubtrad the Suns Declination from the ©omplen.ent of 
the Sun or Stars Meridian Altitude, and.the Rcmainder is the - 
Latitude Northerly : But if the Suns Declination be more than 
the Complement of the Suns Meridian Altitute, ſubtract the 
Conmement of the Suns Altitude from the Declination, and the 


remainger 1s the Latitude Southerly, 
| Secondly; | 


+ 


; 
« * 
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Secondly, if the Sun or Star be on the Meridian to the South- 
wards, and have North Declination, add the Complement of its 
Altitude to the Declination, and the remainder is the Latitude, 

If the Sun or Star be on the Meridian to the Northwards, and 
have North Declination, ſubtra& the Declination from the 
Complement of the Meridian Altitude, and the remainder is 
the Latitude Southerly : If the Suns Declination be more than 
the Complement of the Sun or Stars Meridian Altitude , ſub- 
tract the Altitude from the Declination, and the Remainder is 
the Latitude Northerly. ED : 

If the Sun or Star be to the Northwards, and have South De- 
clination, add the Declination to the Complement of the Meri- 
dian Altitude, and the remainder is the Latitude Southerly, 

Tf you obſerve the 'Sun when he' hath no Declination, the 


Complement of his Meridian Altitude is the Latitude. 


If you obſerve the Sun or Star in the Zenith, the Declinati- 
on is the Latitude. And thus much for the finding the Latitude 
by the Suns Meridian Altitude , or the Complement thereof; 
alſo for ſuch:Stars as have their Declination from the Xqui-. 
nbCtial. | | RN 

For thoſe Stars whoſe Declination is. their diſtance from the 
Pole, if you obſerve them under the Pole; add the Declination 
to the Meridian Altitude; if above the Pole, ſubtra& their De- 
clination, and the Remainder is the Latitude. And thus much © 
for finding the Latitude by the Declination, and Meridian Al- 
titude of the Sun or Stars, or the Complement of the Meridian 
Altitude of the Sun, or ſuch Stars whoſe Declination is their 


_ diſtance from the Xquator. | 


[1 
. 


EE , 
SASSASDDRMND PD 
IP pep pee ES 


os 
CES 


| od Tſe Þ fs : 
ASTRONOMY. 
A . I 


Had ,thoughts to have handled the Dodirine of Spherical 
Triangles fully , but if I ſhould, 1 might. do that 
which my Father hath done-before better than I can;. } 

. the thing which' induced me tH this thought was that ._ ALY 

I might make'the Application of it to Great Circle failing ; 
but. becauſe that way of failing ( though the beft ) is ſeldom 
uſed', I have not ſet it in my Book; if you' deſirgto know it, , 
you may fee the way of it in my Fathers works, -as plainly as = 
(I think )) it can poſſibly be demonſtrated by any man. SS 

[. have thought good to make ufe of his fundamental Axiom, 
to ſhew how to reſolve thoſe Queſtions in the Sphere, which I. . | 4 
have wrought in this Book by the Plain Scale, thoygh I confeſs .. [= l. 
*.(fox Amplitudes of Rifing and Setting, and AzimuttF at certain. Fn { 
given hours, with divers other things that- are chieſly to be 
minded at Sea, for the Variation of the Compals , and other 
neeeſſary uſes), I hold the Plain Scale to be true enough, but 
that I conceive-not to be fo ſatisfaftory to all men, and there- 
fore I havedone- this, the Axiom is this : 


— SIN 
—S 
p 

. 


The Sine of a middle part with Radius, 5s equal to the Tangents LEES 
of the Extremes adjacent , or to the Sine Complement of the Sigk A 
oppoſite Extremes. : | 


O 


On Iſtronomy. & 
To Now: for Brevities ſake tt is common to uſe theſe CharaQers , 
NY; for this Charager -- ſignifieth with Radius or more, or one 
Side or Angle with an another, for equal =, for leſs — ; fo that 
._ the general Rule or fundamental Obſervation which we purpoſe 
to ule, may be exprefſed thus : | | | 
TheSine of the middle part + Radius is. ="to the Tangents 
_ of. the Extremes adjacent, or to'the Sine complement of the op- 
polite Extremes. - EIS 
This Rule \eing rightly underſtood gives ſuch full direai- 
ons, that a manmay refolve any Queſtion in the Sphere by it, 
which makes me judge thoſe culpable of a fault, that accuſe him 
of Prolixity, tat made it in ſo brief a manner, I will define a 
ſpherical right angled Triangle, and ſo come to the uſe of this 
Axiom. op 7 RE 


In the ſpherical right angled Tri- 
angle ABC, right angled at B, there - 
are 5 things, conſiderable, beſide he . 
right Angle, namely, the three Sides 
and the two Angles; the two Sides 
next to the right Angle ar$ fiot no- 

' ted tobe Complements, . but the Side - 
A C,. the Angle A, and theAngle - 
© C, is noted hy their Complements 
to-a Quadrant (which are the three, 
things fartheſt from theSright An- | > 
Sle-B.). | PR 
If you have two things given beſide the right Angle, to find - 
a.third ( as you always have) the firſt thing that you are to. 
conſider ,.is, whether it be. an adjacent gr. an oppoſite Ex- | 
treme, Re. 

That is an adjacent Extreme, when the given parts. and the. 

required part joyn. yen ES 


| I IEDg EE Q 
Far Example. m eAthacent Extremes... 


Suppoſe the.given- things were A'C ahd ACB, and the re- 
Wired thing were CB: Here you. ſee that AC is joyning to S R 
| | ; l I * anc. 


S—_— Comet ant Searing enter > 


for it is between B Cand CA the Extremes. 

That is an oppoſite Extreme that hath two thingslying to- 
gether, and the third thing lieth alone, and that part which 
lieth alone is the middle part. . oY, 


Example. | 
Suppoſe the three things (namely the two Sven things , and 


- the Js a0 44 thing) were B C, the Angleat A, and CA; then 
* TI conc 


. Ig CB is the middle part, and thar it is an oppd- 
ſite Extt&ne, becauſe it is alone, and the other thing , namely, 
C A andA are together : If you ask how this can be, thus : 

ACB is between CBand CA, and ABis between CB and 
the Angle at A, which proves that B C.is alone, and A © and the 
Angle at A joyns: Then is AC and the Angle at A alfothe two 
Extremes. EE 

Pray obſerve this for a Rule, that the right Angle never parts 


any thing, for if CB, the Side BA, and the Angleat A bethe 
three things, it is neverthelels an adjacent Extreme; for though 
the right Angle be between the Sides B A, and BC, yet do nat - 
count that it parts them, (as another Angle would) to as to make 


it an oppoſite Extreme. | | 

Or if the given and required things were the three Sides , 
you might judge B A the middle part, becauſe it is alone, for 
the Angle at A parts it from A C, aud the right Angle at B isbe- 
tween BC and it : Nayy never count that the right Angle at B 
parts BC from BA, but that they lie together, and AC lies alone, 
being parted by the Angle C from C B, and by the Angle A 
fzom A B, andſo is the middle part : Theſe be the firft 'confide- 
rations (aſter you have a Queſtion ſet you) that you ought to 


. F mind, without regarding which of the three things is given or 


required. | | 
We now come to apply this general Axiom. Suppoſe I have 
the Side BC given, the Angle at C,-and that the Side C A be 
requires. . | 
From what hath been ſaid I know C to be the middle part and 


- \, thatit isanadjacent Extreme | NG apply the Rule thus, it ſaith 


= 


" by .- 


Cl Mr + 


'and ſo is CB, therefore they all joyn, and C is the midgle part, 


\ 


: Q 


\ Ap 


the Sine of the middle part, which intimates. that the middfe 
part muſt be always ſo called, as you may take the Sine of it; 
now becauſe its noted to be a Complement , you muſt call it 
- Sine Complement, to find the Sine of it. This done, I will go 
to one of the Extremes, and conſider what the Axiom ſaith for 
. that, (admit it be the Extreme CB) It faith the Sine of the 
middle part with Radius, is equal to the Tangents of the Ex- 
tremes adjacent; from whence I conclude, that I muſt cal} 
CB fo, as that I may have the Tangent of it; Now C B is not 
noted to be a Complement, and therefore I call it Tangent CB: - 
Laſtly, for the other Extreme CA, for the fame realon I muſt 
call it ſo, as that I may take the Tangent of it: and becauſe it 
is noted to be a Complement, therefore I call it Tangent Com- 
plement, to have the Tangent of it: Now as I go along thus in 
my thoughts, I will fet it down as-I conſider it, and it frames 

* this Rule: ie” /- 
Sine com. C -\- Radius is = to Tang. CB Tang. comp. C A. 
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My Queſtion being brought into this order, I will conſider 
which is given and which is required : thoſe which are given , I 
will ſet down firſt, the thing required undermoſt, and look for 
them in the Tables by the dire&ions which I have framed from 


the Axiom. 
Look for Sine comp. C 
F or Tingent BA 


Radius, and the Sum look for in 
the Tangents 
it produceth your defire. 

And thus this Axiom ſets your bufineſs in order ; but now 
that you may know when to take a Complement arithmetical, or 
{et it alone; and alfo, that you may know which thing it is that 
you muſt take the Complement arithmetical of, oblerve this Rule, 
either in adjacent or oppoſite Extremes. . 

That-if- the middle part and an extreme be given , take the 
Complement arithmetical of the given Extreme ; but if the two 
Extremes be given, to find the middle part, take no Complement 
:rithmetical- at all; This may be ſufficient for all Queſtions 4 

right 


Add them together, caſting away 
take Tan. com. CA 


right angled Triangles, will fall out one of theſe two ways; this 
Complement arithmetical is what every figure in the Tables 
wants of 9 : it was firſt invented by my Father, it faves a labour 
of is , and fo abbreviates the work much. 

To manyWwhich I have taught, it hath ſeemed ſtrange that. a 
thing is called Sine-comp. or Tan. comp. (when one is to find the 
Sine or Tangent of-it) but the reaſon of it is this; if a thing be a 
Complement already (as three things in every right angled 
ſpherical Triangle is noted to be) the comp. of that Comple- 
ment muſt be the Sine or Tangent of that Complement. 

But pray mind me; I have noted that there are five things 
were right angled Triangle conſiderable, beſides the right 

ng T 7 | ; s; 

Now obſerve this for a Rule, (when you are framing your 
Rule from the general Axiom to work by) that if you call any - 
of theſe five things by their names, you ſhall not have the Com- - 
plements.of them, but call any of them obt of their names, and 
you ſhall; I megn thus. Suppole you have a mind to take the 
Sine of A B, Is n6ted not to be a Complement, therefore 
call it Sine A B, to have the Sine of it, or Tangent AB to have 
the Tangent of it, the like for CB. a 

Again, if you have'a mind to take the Sine of C A, I conſider 
that C Ais noted by ghe name of a Complement, call it Sme 
comp. fo ſhall you have the Sine of it, or Tangent Complement, 
and you ſhall have the Tangent of it ;thelike for the two Angles 
contrariwiſe: If you have occaſion to take the Complements ot 
- them, call them out of their names. 


Fxample in oppoſite Extre mes. 


by Suppoſe A B be given, and B C, andthe Side A C be required. 
From what hath be ſaid, I conſider this is an oppoſite Ex- 

treme, and that A C is the middle part; (for that is alone) call | 
AC Sine Complement to find the Sine of tt: and becaule the 
Axiom faith, that the Sine of the midele part avith Radius, is 
= to the Sines Complement of the. oppoſite Extremes ( for the 
former Reaſons) call A B Sine cdmp. and BC Sine comp. which * 
is out of their names, and you have this Rule : | 

3178 coin A GC -- Radins 1s = to Sins 60m, A B -|- Sine com. BC. 


"This . 
Foal 


MF 
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This done, ſet the things down by the order S:2 com. CB 
of this Rule, with the required thing under Size com. A B 
moſt thus : NON 

Take the figures anſwering the number of Sine com. A C 
degrees and minutes, which the given things may contain, (out 
of the Tables) add them together, caſting away Radius, (if it 
comes to be above it ) and look for the Remainder amongſt the 
Sines, and take the Complement of that Sine that anſwers it, to 
an{wer your demand. 

Suppoſe it were ABand AC that were given, to find the 
Angle at C; this is oppoſite Extreme, and A B is the middle 
part, call A B (the middle part) Sine, (which is by its name ) 
to find the Sine of it, and A C, and the Angle at A out of their 
names (which is Sine A C, and Sine A) to find the Sine Com- 
plement of them, and thus for any elle. 

Be ſure toremembes the Rule that I propounded about the 
Complements arithmetical, that ſo you oy know when to take 
it, and when to let it alone. This is in brief. 

My Father hath ſhewed the proportions that halds, and the 


reaſons of them, which I purpoſely omit, knowing that this Rule 


CE 


works thoſe Proportions : We will now come to the work it {elf ; 
and I ſhall do only thoſe Queſtions which I wrought by the Plain 
Scale, as being moſt neceſſary for our uſe that go to Sea. 


Latitude 5o deg. 00 min. Northerly, Dectination 13 deg. 15 m. 
Nertherly, I demand the Meridian eAltitude of the Sun. 


Hig M GnR repreſent the Meridian, Mn the Horizon, 
K y the EquinoQial, I Y the Parallel of the Suns Decli. 
nation, G the Zenith, R the Nadir, ſubtract the Latitude G K 
50 deg. o min. (=tonf) from GK M go deg. and the Re- 
mainder is K M, the height of the AquinoQial above the Hori- 
zon, 40 deg. © win. to which add the Suns Declination K I 
13 deg. 15 min. and the Sum is I M the thing required, 53 dep. 
15 mw, as you may fſce in this Example. 


This 


Iſtronomy, 3 9F: 
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ws 


KR 
Fo ©o. 
go ©0 
40 ©o 
This, if the Suns Declination be 13: 15 
Northerly I23 us 


But if the Suns Declination were Southerly, namely, ſo as 
that her Parallel of Declination cut the Meridian in 1; ſubtra& 
the Suns Declination Kf from the height of the Zquinodiial/ 
above the Horizon K M, and the Remainder is { M, the Suns 
Meridian Altitude. 

In any Latitude, fubtra@ the Latitude from go deg. and ſo 
you have the ZXquinoQials height above the Horizon ; then ſee 
whether the Meridian Altitude be greater or leſſer than that; 
if greater, add the Suns Declination to the Aquinodtials height 
above the Horizon,. if lefſer ſuhtra& it, and the Remainder is 
the Suns Meridian Altitude: and: this is evident, .becayfe the 
Suns Declination .is-his Diſtance! from the ZEquator,. and fo. he 
canbe but as- much higher or lowex than the Xquator, as- his 


Neclination is:.. 
Lats- 


192 Iſtronomy. 


Latitude 50 deg. o min. Declination 13 deg. 15 min. Northerly, 
I demand the Suns Amplitude of Riſing and Setting. 


Ote, that the ſides of a Spherical Triangle are three Ar- 

ches of Great Circles, every Arch being leſs than a Se- 

micircle ; and therefore the Parallels or other leſſer Circles of 
the Sphere muſt not be taken as the Sides of a Triangle. 

FOP is an Arch of the Meridian, cutting the Center of the 
Sun at his Riſing, which is at O (you have been told that all Me- 
ridians cut the XquinoRialat right Angles) then muſt o 1. V be 
aright Angle, and in it I have given 1 o the Suns Declination 
(=totc) andſYo = 40 deg. o min. the mealure of f Yo, 
is ER — to t A the Complement of t 1 to go deg. (t 1 being 
the Latitude 50 deg. o min.) and Iam to find Yo, the Suns Am- 


plitude of Riling ; I conſider it is an oppoſite Extreme, and that 


f o is the middle part. 
Sine f 0 -|- Radins is = to Sine V + Sine ©. 


Sine f o the Suns Declination 13 deg. 15 mr. 9,3602 1 
Sine f Yo the com. of the Poles Eley. 40 d. ce. ar. 9,19193 
Sine Y o the Suns Amplitude of Riſing or ings 

20 deg. 53 min, 24. ſec, ; 5 


9,55214 
uſe 


— 
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Uſe this way-to find the Suns true Amplitude of Riſing, upon 
occaſion of finding the-Variation of the Compals, | 
The Suns place of Riſing from the Eaſt towards the North , 
namely, Eaſt 20 deg. 53 min. 24 ſec. Northerly; OY is the 
Complement of OE, the Suns Azimuth of Riſing from the 
North : ſo that if you ſubtra& it from go deg. VE the remain- 
der is 69 deg. 6 min.-36 ſec. OE; but if you have a deſire to 
find the Suns Azimuth by the things you have given, here it is 
in the Triangle F E O, and is done as in this following Queſtion. 


Latitude 50 deg. Declination 13 deg. 15 min. 7 demand the 
Suns Azimuth of Riſing or Setting. 


Et FOfP be an Arch of the Meridian, cutting the Sun at 

his Rifing ( which is atO) fO is the Suns Declination 

23 deg. 15 min. which ſubtrated from f F go deg. the remain- 

deris OF 76 deg. 45 min. the Suns diſtance from the North | 

Pole, and FE is the Poles Elevation 50 deg. o min. and thus 

you have two ſides given in the right angled Triangle OE F, to 

find the third fide O F; its an oppoſite Extreme, and F O is the 
middle part : The general Axiom produceth this : | 

Sine com. F O -|- Radins is = to Sine com. F E -|- Sine com. OE. 


Sine com. OF 76 deg. 45 min. : 9,360215 
Sine com. F E 50 deg. © min. comp.arith. 0,191932 
Sine com. O E 69 deg. 6 min. 36 ſec. 9,55 2147 


Thus I find the Sun riſeth to the Eaſtwards of 'the North 
69 deg. 6 min. 36 ſec. which is E bN 9 deg. 38 min. 24 -ſec. 
Northerly; the other Queſtion ſhews the ſame, when you find 
the Suns Amplitude. | 


Latitude 5o deg. Declination 13 deg. 15 min, Northerly, I ademand 
the Suns height at ſix of the Clock. 


| GPmN be an Azimuth paſſing through the hour of 6: 
/ Now in the Triangle Y m P, right angled at m, you haye 
given Þ Y the Suns Declination 13 deg. 15 mix. and the Angle 
at V,, namely PV m-= tothe Arch fO(for fO is the meaſure 


Cc of 


194 | Affronomy. 
of it) it-is the Poles Elevation 50 deg. © 1:1. tofind P m the Suns 


| height at fix of the Clock : I confiderit 15an oppoſite Extreme, 


and therequired thing P mis the middle part. 
Sine Þ mM | Radins is = to Sine PY -|- Sine PV -M- 


Sine P Y* the Suns Declination 13 deg. 15 mn.  9,360215 
Sine PYm the Poles Elevation 5odeg. o min. 9,884 2 54 
Sine P m the Suns -heightat ſix of the Clock: pg 

Io deg. 6 min. 51 ſee. 9,244469 


The ſame things given, to find the Suns Azimuth at ſix of the Clock, 


T* He Suns Azimuth at's of the Clock ism V, and the reaſon 
| is, for that Puin the Heavens (being parallel-to tho Ho- 
r1zon) is as many degrees in that Circle, as Y m is in the Hori- 
zon; 'for Y-is \underin, and munder P. 

So that this Queſtion will fall-in-the ſame Triangle as the ocher 
did , and we will uſe the lame things to find it. 

The Angle P'Y-mis 5o deg. 0949. the Poles Elevation. 

P Y is the Suns Declination 13 a. 15 m. and Y m is require), 

| conſider. that-this-is an adjacent'Extreme, and that PTY 1 #5 
the-middlepart; The general Axiom produceth. 
Sine com, Þ 1m +|- Ragius, is = to Tang. mn Targ. _ | 
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Tan. com. PV the Suns Decl. 13 4. 15m. com. arith. 9,3719323 
Sine com. P Y mthe Poles Elevation 504. o m. 9,803067 


———— 


Tang.'V m the Suns Azimuth 8 deg. 36 min 24ſec. 9,180000 


Latitude 50 deg. o min. Declination 13 deg. ” min, to fizd the 
Suns hexght being due E oſt or Weſt. 


Et OLTIy bean Arch of the Meridian, cutting the Sun in 
the Eaſt and Weſt Azimuth, and it helps to make the right 
angled Triangle L1Y, in which lieth our bufineſs : For LY. is 
the Suns height being due Eaſt 3 and. to find it we have TL the 
Suns Declinartion 13 deg. 15999. and LY 1 the Angle of the 
Latitude, beſides the right Angle; I conſider it it is an oppoſite 
Extream and I L is the middle part, there will be this inference 
produced from the general Axiom. | | 
Sine I L | Radins, is = to Sine IV L 4+ Sme LY. 


Sine I'V L the Latitude 5o deg. comp. arith. O,115745 
Sine I L the Suns Declination 13 deg. 15 min. 9, 3 Pins a 


Sine LY Suns height being due Eaſt 19424 34 6 
Theſame height that theSun is being due Eaſt in FaghbLedby 
the ſame height he is when he is due Weſt in the afternoon, 
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The Latitude being Fo deg. o min. Declination 13 deg. 15 min.. 
' Jaefireto know the Difference of Aſcenſion. 


Have ſhewed what the Difference of Aſcenſion means in this, 

' Book before; and if you look in the Queſtion to find the 
Amplitude of the Suns ring before , there is the ſame Scheme - 
that this is, but for your better uuderſtanding I have here ſet it. 

In the Triangle B D Y right angled at D, you have given DB 
the -Suns Declination 1 3 deg. 15 mi. the Angle at Y: which is 
the Complement of the Ark Z to go deg. or cqual to OA the. 
Complement of the Latitude 40 deg. om. to find I) V, which 
ie as many degrees and minutes as B 6 is: It is an adjacent Ex-. 
treme- and Y. D is the middle part; The concluſion from the 
general Axiom is : | 

Sine Y D + Radics, is = to Tan, DB- Tarn. com DYB. - 
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Tangent D B Suns Declination 13 deg.. 15 mn. 94371033 
Tan. com. D.Y B com. Poles Elevat.:40 d. om.: 10,076186 - 


Sine V D. the Difference of Afcenſion 164 17'40” - 9,448 119-- 
Which conyerted into time is 1 hour 5'75 and # of 5; of a 
mnyte... Top 


If 


$ : The 


| 7 
_ Which is 5 min, 5 paſt 9 of the Clock in the afternoon. - 
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The ſame things given, to find the time of Sun Riſing. 


Þ* the doing of this, firſt find the Difference of Aſcenſion 
(as hath been ſhewed in the laſt Queſtion) and convert it 
into time ; which done, ſubtract it from 6 hours, and you have 
your deſire (in this caſe where the Declination and Latitude is 
both one way) but in any caſe take this in general, that if the 
Difference of Aſcenſion be before 6 of the Clock , ſubtract it 
if after 6, add it to 6 hours, and you have the time of Sun Riſing. 

This ſtands to good reaſon, foraſmuch as the Difference of 
Aſcenſion is the portion of time that the Sun rifeth before or 
after 6 of the Clock. 

In this Example you ſee the Difference of Aſcenſion is before 
6 of the Clock 1 hour 5';} (we will omit the part of apart of 
a minute) I would know the time of the Suns Riſing. 


Example. 
Subtract the Difference of Aſcenfion 1h. 5m. + 
From 6 hours | 5 60 
The remainder is the time of Sun Rifing 4.5467 es 


Thus Iconclude the Sun rifeth at 4 a Clock 54 mm. 7. 


If you havea deſire to find the time of Sun ſetting , ſubtract 
the time of Sun riſing from 12 hours, and you have it; for as . 
many hours and minutes as the Sun riſeth before 12, ſo many 
hours and minutes he ſets after 12. 


Example. 


Here the Sun riſeth at 40f the Clock, 54m. < 2 
- which we expreſs. thus 
This ſubtrated from 11 60 


Leaves the time of Sun ſetting - O55 
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This Coubled is the length of the whole day, which is 14 hours 
10 mm 7 -. ; 
| This ſubtraRed from 24 hours, is the length of the night, 
9 hours 49 mn. +. | 


To find the length of the longeſt Day in that Latitude before propoſed. 
V V Hen the days are at ih: '>nScit in any North Latitude, 


the Sun is in the Tropic of Cacer; in a Southern. 
Latitude , in the Tropick of Caprecern: This is a Northern Lati- 
tude, therefore make the Tropick 0i Cancer the Parallel of the 
Suns Declination as here, O R is the Parailel of the Suns Decli- 
nation , then muſt I 6 be the Difference of Aſcenſion, which is 
-—=toFvV. Inthe right Angled Triangle IF Y right angled atF, 
you have LV F the Compler.ent of the Latitude 40. deg. given, 
and I F the Suns Declination 23 ay. 3omn. tofind F Y; find it 
as you was ſhewed to find the Difference of Aſcenſion before , 
conyert it into time, and find the length of the day (as was ſhew- 
cd before) Thisnote, that Sine {IF L is an Arch of the Meridian, 
cutting the Horizon in that place of it where the Sun riſeth. 
Sine V F + Radins is = to Tang. I F + Tang. comp. IV F. 
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Tang. I F'Suns Declination 23 deg. 30 min. | 94638301 
| Tang, com. I V F Poles Elevation 40 deg. © mm. 10,076186 


Sine F V Difference of Aſcenſion 31 4, 12 m1, 39 ſec. 997 14467 
| ut 
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But you may ask all this while how this FraRtion is found, it 
is thus found : Admit Lwou!d find the fine of the Arch anſwer- 
ing to 9714487, Took in the Sincs, and find the neareſt leſs 


than it to be | 9,714352 
I take the next greater than it anc find it tobe _ 9,714550 
I ſubtra@ the keſſer from the zreater,the remainder is 208 
Then from the figures that.came forth 9,714487 
I ſubtra& the neareſt in the Tables leſs 99714352 
And the Remainder is | 135 
 Thenſay, 
eA's the Difference between the neareſt leſs and the 
neareſt greater 280 _ comp. arith, 77,681936 
Is to the Difference between the ſame and that lef 135 2,1i30333 
So 25 60 min.. 1,778151 
To 39 ſec. 1,590420 


The like is to be underſtood of any FraRtion elſe ; if you have + 
occaſion for the artificial Sine or Tangent of an Arch that hath 


a FraQtion to it : Say, 
eA's 60 ſeconds 
Is to the ſeconds in the Frattion, which is here 39 
So #5 the Difference between the neareſt leſſer and "y 208 
neareſt preater — 
To the Frattion 135 
And this added to the leſſer, makes the artificial? 9714352 + 
Sine of the Arch required 9,7 14487 


The like is to be underſtood of a Tangent. 
To find the hour of the Suns being due Eaſt or Weſt, 


Latitude 5o deg. o min. Declination 13 deg. 15 min. Northely , 
1 demand the time of the Suns being due Eaſt or Weſt. 


Þ* the following Scheme I O is the Eaſt and Weſt Azimuth, 
RX is the Parallel of the Suns Declination , and cuts that 
Azimuth in C; from.whence I conclude, that when the Sun is - 
at C, ſhe is over the Eaſt point of the Horizon; DCBA tan. 
Arch of the Meridian, cutting the Sun in CG: So thz; an hope 
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| Triangle C Br, you have given BCthe Suns Declination, Cr B 
the Angle of the Latitude 50 deg. om. to find Br, which is as 
many degrees and minutes in a great Circle, as C 6 is ina leſſer ; 
find it and conyert it into time, and in thiscaſe add it to 6 hours, 
and it gives the hour of the Suns being due Eaſt. 

And for the time of the Suns being due Weſt, you are to ſub- 
trad it from 6 hours, (in this caſe) and the remainder is your 
defire: The reaſon is, becauſe as many hours as the Sun is due 
Eaſt after 6 of the Clock in the morning, ſo long time is he due 
Weſt before 6 of the Clock in the Afternoon. I have left the 
working of this to your own practice, only I haye ſet down the 
Reſolution of it : 

The Sun is due Eaſt 45 mr. 7+ paſt 6 of the Clock. 
The Sun is due Weſt 45 mzrz. 77 before 6 of the Clock. 
Which is at 5 of the Clock 14 mir. x. 

Note, That if the Suns Declination be Southerly, then will he be - 
Eaſt before 6 ; ſo that whereas here you add, there you ſubtralt from 
6 hours, to find the hour of the Suns being due Eaſt, or add to 6 hours 
for the time of its being due Weſt ; but your own Reaſon (if you look. 
well on the Scheme ) will guide you to know this ;, and alſo to know that, 
1t #5 uſeleſs in ſuch caſes, for then he is not above the Horizon. 


Latitude 
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Latitude 50 deg. o min. Declination 13 deg. 15 min, I demand 
the Continuance of Twilight. 


S I have noted before, the Sun is accounted 17 deg. under 
the Horizon when the day breaks; therefore in the fol- 
lowing Scheme let 17 I, be an Arch parallel to the Horizon , 
17 deg. under it: Let DB CA be an Azimuth cutting the Xqui- 
noial, and the line of 17 deg. in the place of their interſe&ion, 
'which isat C: then in the Triangle r B C (rightangledat B) 
you have given BC 17 deg. the Angle Br C the Complement 
of the Poles Elevation 40 deg. to find Cr the, continuance of 
Twilight (for Cr and Bu are equal.) I leayeit to your own Pra- 
ctice: I find the continuance of Twilight to be 27 deg. 4 min. 
which converted into time is 1 h, 48 min, 77 neareſt. | 
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Sol conclude that between the Day breaking and Sun riſing , 
itis 1 h, 48 m#.74, which is u B: Now if you add this to x 4 
Difference of Aſcenſion ( before found ) B&6, which was 1 h. 
5 min. 77 of a minute (I omit the ſmaller Fradtion) you have the 
time between break of day, and 6 of the Clock, which may be 
termeduB6 2h, 53 min. 72. 

Dd And 
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And becauſe the day breaks ſo much before 6 of the Clock, 
if you ſubtract it from 6 hours, you have the hour and minute 
of day breaking , which isat 3-of the Clock 6 mm. 2. 

Add it to 6 of the Clock, and you havethe time of Twilight 
ending, which is at 8h. 53 min. 5%. 


To find the Suns Place and Right Aſcenſion , provided, 
the Latitude and Declination be given. | 


Latitude 50 deg. o min. Declination 145 deg. 15 min, 1 demand 
the Suns Place in the E $0 right Afeenſion. | 
I Ight Aſcenſion is- an .Arch of the Zquinoctial between a 
. Meridian, cutting the Xquinodtal and the point of «Aries 
or Libra; the Meridian muſt alſo cut-the Sunor Star in the 
Ecliptick as here in this Scheme: ABC isan Arch of the Meridi- 
an, cutting the Sun at B in the Ectiptick, and the XAquinottial in 
C; then CY is the Suns right Aſcenſion. 
The Suns Place (as I ſhewed formerly) is the Suns diſtance in 
the Ecliptick, from the neareſt Zquinottial point here B Y. 
To find the Suns place Y B, yon have given the Angle B Y C 


23 deg. 30 min. and CB the Suns Declination 13 deg. 15 min. 
in the right angled Triangle B CV; it is an oppoſite-Extreme , 
and CB is the middle part, I find it to be 35 deg. 5 min. if you 
propoſe the month and the day of the month that the $un hath 
this Declination, you may tell what Sign the Sun is in, and what. 
degree of that Sign.. 


= 
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As ſuppoſe the Sun hath this Declination here given upon the: 


14th. of April, I conſider what Sign belongeth to that Month , 


and I conclude it is &, then ſay I, as much as the Sun is diſtant 
from the next Equinodtial point above 30 deg. (which is the Sine 
of Y) ſo much he is entered into &, which is 5 deg. 5 mn. I omit 
the Fraction. 


Foy the Suns Right Aſcenſion. 


You have the ſame things given in the ſame Triangle, to find 
the Suns right Aſcenſion CY; but this is an adjacent Extreme, 
and the required thing is the middle part. | 

I find it to be 32 deg. 47 mn. ſome part of a minute more, 
(but I omit the FraRion.) | 

This muſt be converted into time, and then is your demand 
fully anſwered, it:is 2 h. 11 min 5;. 

Theſe be things neceſſary and very uſeful in Navigation for 
ſeveral occaſions, and that hath made me inſiſt upon them: If 

ou are unacquainted with this way of working, my Father hath 
inſiſted upon it largely, and in his works, commonly called The 
Dottrine of Triangles ;, you may be ſatisfied both in the DoQrine 
of right lined Tritagles, and Spherical, This I judge ſufficient 
for the two kinds of Sailing. 

I would have handled ſomething in oblique Spherical Trian- 


| ples, and ſo have proceeded to that incomparable way of Sailing 


yy the Arch of a Great Circle; but the goodneſs of it is not: 


known becaule it is notpractiſed : If you love that way of Sailing, , 


(Reader) I commend thee to my Fathers Doitrine of Triangles - 
in large, where it is largely treated of, 77 | 
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ADVERTISEMENT. 


T Herc is newly reprinted the Marines Magazine , Stor'd 
with theſe Mathematical Arts: the Rudiments.of Navi- 
sation and Geometry, the making and. Uſe of divers Mathema. 
tical Inſtruments ; the DoQrine of Triangles, Plain and Sphe- 
rical; the Art of Navigation, by the Plain-Chart , Mercator's- 
Chart, and the Arch of a Great Circle; the Art of Survey- 
ing, Gauging , and Meaſuring; Gunnery and Artificial Fire- 
Works ; the Rudiments of Aſtronomy ; the Art of Dialling. 
Alſo with Tables of Logarithms, and Tables of the Suns 
'Declination ; of the Latitude and Longitude, Right Aſcenſi- 
on, and Declination of the moſt notable Fixed Stars; of the 
Latitude and Longitude of Places; of Meridional Parts z 
whereunto are annexed, an Abridgment of the Penalties and 
Forfeitures, by A&s of Parliament, relating to the Cuſtoms, 
and to Navigation; and a Compendium of Fortification; by 
Capt. Samuel Sturmy, the Second Edition , filigently Reviſed 
and carefully Corrected, by Fohn Colſon, Teacher of the 
Mathematicks in London, in Folio, 
| Alſo, | 

A Mathematical Manual; Containing Tables of Logarithms, 
for Numbers, Sines, and Tangents; with the manifold Uſe 
thereof briefly Explained and Applied in Arithmetick , Geo- 
metry, Aſtronomy, Geography , Surveying, Navigation, . 
Dialling, Gunnery , and Gauging 3 by Henry Phillippes. 
in Ottayo. 


